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Preface 

This third edition cc^nstitutes a complete revision of the material in 
the previous editions together with much new material to bring the 
book up to date 

The discussion of the principles of inheritance and fundamental 
problems in reproduction should be of great value to teachers, 
students, and poultry breeders The results of research have dem- 
onstrated that the secretions of various glands of the endocrine 
regulatory system haVe a significant effect on numerous characters, 
therefore, problems pertaining thereto have been discussed in differ- 
ent places throughout the book Problems of practical and economic 
importance to poultry breeders have been given particular emphasis 

Dr C S Shaffner of the University of Maryland poultry depart- 
ment wrote the last chapter, “Selection Methods,” thus making 
Poultry Breeding more complete than previous editions with respect 
to problems of concern to all persons interested in the jmpro\cment 
of poultry through breeding Dr Shaffner al«o read all the other 
chapters and made valuable suggestions which were incorporated in 
the text 

M A JULL 

College Park Maryland 

April 1952 
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I • Breeds and Varieties 
of Chickens 

From time immemorial, chickens have entered closely into human life 
in a vanety of ways 

Chickens -were originally, and still are, of chief interest to mankind 
because of their eggs, which have a very high nutritional value In the 
early days of the development of the poultry industry in most countries, 
chicken meat was of secondary importance, since game birds ■v\ere often 
relatively abundant Feathers, first used for ornamental decoration, 
found use in plllo\^s and mattresses and m numerous other ways The 
domestication of the ancestors of modem breeds was brought about 
largely as a result of their economic importance in providing food for 
human beings 

The pugnacious character of the wild cock led to the development of 
the sport of cockfighting, which has ever since been carried on exten- 
sively m many countries Cockfighting stimulated further interest in 
the domestication of wild stocks In 1598 the king of Achin in Western 
Sumatra is reported by Davis (1813) as spending “his whole time m 
eating and drinking with bis women, or in coek-figbting “ A sbort time 
later, the Javanese were reported to be very fond of cockfighting and, 
though very poor, “they will sooner dispose of every other part of their 
property, than sell their gamecocks ” Cockfighting is still indulged in 
as a very serious enterprise in several countries The breeding of fight- 
ing birds IS highly specialized, and the feeding of those intended for the 
pit IS considered extremely important It is interesting to observe that 
the sport flourished in England until it was suppressed by act of Parlia- 
ment in 1849, w hich w as also the j ear m w hich the first exclusu e poultry 
show was held in the United States at Boston 

Poultry shows in the United States and other countries gave impetus 
to the growing interest in the then known broods and \aneties of chick- 
ens What man has accomplished vMthin relativelj recent times 
breedmg from selected variants has been showm bj his success in do\ el- 
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Interfamily Crosses S 



Fig. 1. Left to right, guinea female, Rhode Island Red male, and the progeny of 
these birds. (E. M. Funk, 1938.) 


(1935) and Quinn, Burrows, and Byerly (1937) observed live embryos 
at different stages of incubation up to 27 days (see Fig. 2). Artificial 
insemination was practiced, the cross of chicken male X turkey female 
giving about 28 per cent fertility, which was much higher than in the 
reciprocal cross. 



Fig. 2. Left, a chicken-turkey hybrid removed dead from the shell on the twenty- 
eighth day of incubation: it was secured from a mating of a Rhode Island Red 
male X Bronze turkey female. (Quinn, Burrows, and Byerly, U. S. Dept. Agr ) 
Right, the hybrid progeny secured from a phea'sant male X chicken bant.am female 
cross. 
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Four Ancestral Species 5 

m western and southern India, the In\an Junglefowl in ra\a and adja- 
cent islands 

The eminent British naturalist, Dan\in (1800), and the distinguished 
American omitliologist, Beebe (I0IS-I922), were of the opinion that all 
domestic breeds of chickens are descendants of Gatins gallus Certain 
others, including Tcgetmcirer (1873), were of the opinion, however, that 
the loose-feathered Asiatic breeds, Brahmas and Cocliins, with heavily 
feathered shanks, had a different origin from most other modern breeds 
The term “feathered shanks’* is a hit of a misnomer because it is reallj 
the foot that IS feathered, since the skeletal region involved is the tarso- 
metatarsus bone, which is comparable to the tarsus and metatarsus 
bones of the foot of human beings and other mammals It was claimed 
bj Tcgetmcirer that in these breeds the long a\is of the opening of the 
skull through which the spinal cord passes (foramen magnum) is vertical 
whereas in other breeds it is horizontal Warren and Smith (1949), who 
evamincd the skulls of Light Brahmas and sev oral v ancties of Cochins 
as well as skulls of birds belonging to the /Vmcncan, English, and Medi- 
terranean classes of chickens, were not able to confirm Tegetmeirer’s 
observation 

All four wild species will cross with one another, and the hjbnds are 
more or less fertile among themselves Also, from evidence supplied by 
naturalists and investigators who have made crosses between each of 
the four wild species and domestic stocks, it appears that all hybrid 
progeny are fertile with the possible exception of the female offspring of 
the cross between the Gallus vanus male and domestic females Appar- 
ently most of the modern-day breeds are descended from these four wild 
species (Houvvink 1921, Ghigi 1922 and 1934, and Lotsy and Kuiper 
1924) 

The plumage pattern of the Red Junglefowl male closely resembles 
that of the modem Black-Breasted Red Game male and to a considerable 
extent that of the modem Brown Leghorn male The plumage pattern 
of the Red Junglefowl female resembles that of the modern Black- 
Breasted Game Bantam female and to a slightly less degree that of the 
Light Brown Leghorn female Beebe (1918-1922), in his detailed de- 
scription of fourteen Red Junglefowl skins of males in the collection of 
the American Museum of Natural History, observed that there were 
varying shades of buff, brown, and red m different specimens Among 
seven skins of females m the same collection, Beebe also observed varia- 
tions m shade of plumage coloration m certain sections Darwin (1890) 
stated that the plumage pattern of Gallus gallus varied considerably 

The Ceylon Junglefowl’s plumage pattern is similar to that of the 
Red Junglefowl except that the Ceylon male has orange red on the 
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Modem Breeds 


of its Sickle and saddle feathers, which attain a length from about 6 to 
20 feet 

Belgian breeds of poultry have been developed primarily for food pro- 
duction The Campinc, which deri\ed its name from the Campine dis- 
trict of Belgium, where it was bred most e\tensi\ely, is of interest to 
poultry geneticists because it is a “hen-feathered” breed, by which is 
meant that the male hackle, sickle, and saddle feathers are of the same 
shape as comparable feathers in the female The Braekel was derived 
from and resembles the Campine The Malines is one of the largest of 
the Belgian breeds and is an excellent meat-producing breed 

British breeds and \arieties are quite numerous and vary a great deal 
m size, shape, and other characters Since mention has already been 
made of the widespread interest m cockfighting m Great Britain since 
early times, it is natural to expect that game breeds were popular Sev- 
eral vanetics and strains of English Games were developed Among the 
most popular utility British breeds arc the Dorking, Orpington, and 
Sussex, all of which have white skin The Dorking is one of the few 
breeds that have a red earlobe but lay a white shelled egg, and it has 
five toes The Cornish Game, now known as the Cornish, was originally 
produced in Cornwall and for many years was bred in England princi- 
pally for exhibition, according to Brown (1929) Spangled and Black 
Hamburgs, with pointed spikes projecting upwards from their rose 
combs, were evolved in Britain The Scotch Gray, with barred plu- 
mage, IS another red-earlobe, white-egg breed 

Dutch breeds include the Bamvelder, which lays a very dark-brow n 
shelled egg, the Breda, a white earlobe breed, and the White-Crested 
Black Dutch, apparently descended from the White-Crested Black 
Polish, the white crest never having been observed in the wild species 

French poultry breeders developed numerous breeds, much attention 
having been paid to the meat-producing qualities of certain breeds 
Among the more important French breeds are the Crevecoeur, the 
Houdan, the Faverolle, and the La Fleche The peculiar feature of the 
Crevecoeur is its divided comb with the two points well apart The 
Houdan is a five-toed breed ^ylth a crest, muffs, and a beard, none of 
which was present m the four wild species The La Fleche also has a 
homed comb 

Among the German breeds of poultry, only the Creeper and the Laken- 
felder need be mentioned Both of these breeds are illustrated in later 
sections of this book and need not be described further here 

The Italian breeds include the Leghorn and Ancona, which have long 
been well known m the United States, Canada and numerous other 
countries Varieties of Leghorns not well known outside of Italy include 
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by feather contour In some cases comb type is a breed characteristic, 
for example, all Plymouth Rocks, Delawares, and New Hampshires have 
single combs whereas all Wyandottes have rose combs Leghorns, 
Anconas, and Minorcas have white earlobes whereas New Hampshires, 
Plymouth Rocks, and Rhode Island Reds have red earlobes For the 
most part, the standaid weight of the cock, hen, cockerel, and pullet 
IS a breed characteristic 

Varieties within a Breed, Withm each of several breeds of chick- 
ens in which there have been developed two or more varieties, the 
distinguishing characteristic is plumage color or pattern and sometimes 
shape of comb For instance, the Leghorn breed contains the following 
vaneties White, Buff, Black, Black-Tailed Red, Columbian, Dark 
Brown, Light Brown, Red, and Silver The Plymouth Rock breed 
contains the following vaneties Barred, Buff, White, Columbian, Par- 
tridge, and Silver-Penciled 

In the Rhode Island Red breed, there are the smgle-comb and rose- 
comb varieties, comb shape being the distinguishing charactenstic be- 
tween the two varieties Some of the Leghorn varieties are subdivided 
into smgle-comb and rose-comb subvarieties 

Plumage Colors and Patterns. Prom the standpoint of plumage 
color, the breeds and vaneties may be divided into two groups (1) 
breeds and varieties that are of one color and are called self-colored 
or solid-colored, (2) breeds and varieties with plumage of two or more 
colors The self-colored group includes the whites, blacks, and blues 

Among the parti-colored breeds and varieties there is a great array 
of color patterns involving two or more colors within each feather 
covenng certain parts of the body Feathers with black and white 
bars are encountered m the Barred Plymouth Rock, Silver Campinc 
and Sih er-Penciled Hamburg (see Fig 4) It may be noted here that 
there arc also Golden Campincs and Golden-Pcncilcd Hamburgs in 
which the white in the Silver Campine and Siher-Penciled Hamburg is 
repheed with “gold” color Other black-and-white markings within the 
feather occur in the Silvcr-Spanglcd Hamburg, Ancona, and Speckled 
Sussex (see Fig 5) There is also a Goldcn-Spangicd Hamburg 

Lacing and penciling of feathers arc two outstanding chirictoristics 
that determine plumage pattern in sc\eral \ariotics Penciled fcitlicrs 
arc present in Dark Cornish, Partridge Cocluns, and Sihcr-Pencilcd 
Wjandottes In Partridge Wjandottes the white of the SiUcr-Pencilid 
\ancty is replaced with gold Lacing is found in the SiUer-Hicod 
Wjnndotte (the Goldcn-I iced \nnet\ being the coimtcrp irt) Blue 
Vndalu'sian, and the Vhite-Hicc<l UmI Comi‘«h DifTorcnt Iuo<! and 
penciled \nri( ties an shown in Fig** um! 7 
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covenng certain parts of the body Feathers with black and white 
bars are encountered m the Barred Plymouth Rock, Silver Campinc 
and Sih er-Penciled Hamburg (sec Fig 4) It may be noted here that 
there arc also Golden Campincs and Golden-Pcncilcd Hamburgs in 
which the white in the Silver Campine <and Siher-Penciled Hamburg is 
replaced with “gold” color Other black-and-white markings within the 
feather occur in the Silvcr-Spanglcd Hamburg, Ancona, and Speckled 
Sussex (see Fig 5) There is also a Golden^panglcd Hamburg 

Lacing and penciling of feathers arc two outstanding chirictoristics 
that determine plumage pattern in sc\eral \anotics Penciled fcithcrs 
arc present in Dark Cornish, Partridge Cocinns, and Sihcr-Pencilcd 
Wjandottes In Partridge Wjandottes, the white of the Silicr-Pencilid 
\ancty is replaced witli gold Lacing is found in tlie Silxer-Hicod 
Wjnndotte (the Goldcn-I iced \anet\ being the countcrpirt) Blue 
Vndalu'sian, and the Vhite-Hicetl Real Comi*-!! DifTorcnt luo<! and 
penciled \an( ties an shown m Fig** t> uml 7 
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skinned breeds Still another factor in their favor is the absence of 
such adornments as crests, muffs, and feathered shanks 
The Road to Further Progress. Up to the present, much has been 
accomplished in developing strains of different breeds and varieties to 
meet the needs for increased egg and meat production Much of the 
progress achieved has resulted from the adoption of better husbandry 
practices. Some strains of broilers attain weights at 10 to 12 weeks of 
age undreamed of even a decade ago Records of average egg production 
per bird are obtained in certain strains of layers which were formerly 
considered almost impossible These are but two examples of what has 
been accomplished in a relatively short time, but the point should be 
made that such outstanding progress has been achieved by relatively 
few poultry breeders 

What is really needed to increase greatly the efficiency of egg and 
poultry meat production is for all poultry breeders to become better 
informed concerning numerous breeding problems The same point 
applies to hatchery operators, since they are responsible for the pro- 
duction of a high proportion of the chicks that are sold each year to 
poultry producers. In order to know how to develop the most intelli- 
gent selection and breeding programs, poultry breeders and hatchery 
operators need to be well informed with respect to whi/ results are 
determined by certain underlying principles of reproduction. Subse- 
quent chapters deal with these matters in detail 

PROBLEMS 

1. Would you care to speculate as to how the four species of wild fowl may have 
evolved from the ancient winged creature? 

2 What are the ancestors of the domestic fowl? 

3 What IS the signiBcance of “breed” in the poultry industry, and how did most 
of the existing breeds become established? 

4 Why do you suppose so many breeds and varieties have been developed, and 
do you think that there is need for the development of new breeds or varieties? 

5 Which of the following characters are of economic significance with respect to 
breeding for efficient egg and meat production type of comb, color of earlobe, color 
of skin, crest, number of toes, color of plumage, color of egg, and size of bird? 


SELECTED LITERATURE REFERENCES 

American Poultry Association, 1947 The Amencan Standard of Perfection Pub- 
lished bj the association, Davenport, Iona 
Austin, E H , 1908 Onginal laying capacitj Farm Poultry 19'Z47 
Ball, S C, 1933 Jungle fowK from Pacific Ishnds Pull 108. Published bj 
Bernice P Bishop Mu^^eum, Honolulu, Hanaii 
Blirl, W , 1918-1922 A Monoyraph of Pheasants Vols I-IV H F and G 
Witherb> , London 
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2 • Physiology 
of Reproduction 

Reproduction m chickens involves the mating of the sexes m order 
that male and female reproductive cells may unite to produce a new 
generation of birds The reproductive cells are produced by gonads 
The male gonad is the testicle, which produces spermatozoa (singular, 
spermatozoon) The female gonad is the ovary, which produces ova 
(singular, ovum) 

Another very important function of the gonads is to secrete hormones, 
which are necessary for the normal development and functioning of 
various body structures The sex glands, or gonads, are called endo 
crine glands, and they secrete male and female sex hormones, respec- 
tively 

Besides the male and female sex hormones, numerous other hormones 
are secreted by other endocrine or ductless glands All the endocrine 
glands extract materials from the blood stream and convert them into 
hormones, which are distributed by the blood to various parts of the 
body Hormones not only control the functioning of the ovary and 
testes but also influence the development of the comb, spurs, broodiness, 
molting, rate of body growth, featlier giowth and pigmentation, and 
vanous other characteristics Taken collectively, the hormones not 
only regulate various processes that take place within the body but 
also are essential for the maintenance of life For these reasons, the 
endocnne glands and the hormones they secrete are discussed first 
This discussion is followed by a study of the male and female reproduc- 
tive systems, including comments on the influence of certain hormones 
on the development of spermatozoa and ova and the production of 
semen Particular attention is given to the extremely interesting endo- 
crine regulatory mechanism involved in the release of ova from the 
ovary and the rhythm of laying 

ENDOCRINE REGULATORY SYSTEM 

The endocrine glands, also known as glands of internal secretion, 
include the following ovary, testes, thjroids, parathyroids, adrenal, 
“islets of Langerhans” of the pancreas, pineal, thyanus, and pituitaia 
or hy'pophy sis 
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hormones Adrenalin has marked \asoconstrictor properties and is 
commoni> used as an extract to raise blood pressure and as a heart 
stimulant There are probably several types of cortical hormones 
They ser\ e in maintaining the sodium and potassium balance and facili- 
tate the conversion of nonsugars (mainly proteins) into carbohjdrates, 
replenishing the glj cogen reserve in the bod> The cortical hormones 
arc also of importance in maintaining the body’s resistance to shock 
The normal functioning of the adrenal gland is controlled by the anterior 
pituitary The adrenal secretes relatively small amounts of androgen 
and estrogen According to Herrick and Fmerty (1940), adrenalectomy 
results m a marked decrease in the size of the testes by way of the 
anterior pituitary, and, according to Kar (1947a), castration results 
m an increase m the amount of androgen secreted by the adrenal cortex 

“Islets of Langerhans” Secretion. Certain tissues in the pan- 
creas, the “islets of Langerhans,” secrete a hormone, insulin, which 
influences the amount of sugar m the blood 

Pineal and Th> mus Endocrine functions hav e been attnbuted to 
the pineal and thymus glands, but practicall> nothing is known con- 
cerning their significance in avian physiology The pineal gland is a 
small, reddish gray structure attached by a stalk to the roof of the third 
ventricle near the junction to the midbram The thymus is a flattened 
structure extending throughout the cervical (neck) region According 
to Latimer (1924), a regression of the thymus gland in chickens begins 
at about 4 months of age Greenwood (1930) observed that surgical 
removal of the testes and ovary causes a delay in the involution of the 
thymus 

Pituitary Secretions. The pituitary gland, or hypophysis, is often 
referred to as the master gland of the endocrine regulatory system In 
an adult chicken, the gland is about the size of a kernel of wheat It 
IS located beneath the floor of the brain, to which it is connected by 
a stalk It consists of two secretory parts, the anterior and posterior 
lobes 

Anterior Pituitary Secretions The antenor pituitary secretes at least 
SIX recognized hormones, three of which have specific effects on the 
gonads 

In the female, the follicle stimulating hormone (FSH), also called 
gonadotropin, stimulates the growth of ovarian follicles and transforms 
the ovary from its quiescent state to that characteristic of the normally 
laying hen In the male, the follicle stimulating hormone bnngs about 
testicular growth The luteinizing hormone (LH), or interstitial cell- 
stimulatmg hormone (ICSH), causes stimulation of the interstitial cells 
m the ovary and testes and is apparently the hormone that bnngs about 
ovulation in the hen Also, it may participate m bnnging about forma- 
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Male Reproductive System 2S 

to less than 1 hour of light daily and 12 hours of light daily The 
maximum response in increase m size of testes in the birds exposed to 
light for 12 hours daily was obtained beUveen about 2 T\eeks and 1 
month Increasing the daily period of light resulted m an increase in 
the amount of gonadotropic hormone secreted by the anterior pituitary 

Incidentally, it may be pointed out here that increase m comb size 
m growing cockerels is the result of increased androgen secretion by the 
developmg testes 

Each testis is composed of innumerable seminiferous tubules in \\hich 
the process of formation of spermatozoa or spermatogenesis yields 
sperms, which subsequently become spermatozoa Macartney (1942) 
observed a diurnal rhythm in spermatogenesis and suggested that the 
time of feeding the birds is involved For a discussion of the endocri- 
nology of spermatogenesis in chickens, see Kumaran and Turner (1949a, 
1949&, 1949c, 1949d) 

The spermatozoa migrate from the seminiferous tubules of the testis 
to the excurrent ducts of the small epididymis, which lies adjacent to 
the testis From the epididymis the spermatozoa enter the vas deferens, 
which extends from the epididymis to the cloaca According to Munro 
(1938), the spermatozoa are not stored in the epididymis and remain 
in the vas deferens for a relatively short period of time, although Bur- 
rows and Quinn (1939) have suggested that semen containing the sper- 
matozoa IS stored temporanly in the cloaca From the cloaca the semen 
passes through a small hole m each of t\\ o papillae Besides the papillae, 
there is a rudimentary copulatory organ At copulation time, the semen 
IS ejected through the holes in the papillae by the action of an anal 
sphincter muscle (see Fig 8) Kosin (1942) observed precocious sexual 
development m Barred Plymouth Rock chicks following the injection 
of an androgenic agent, testosterone propionate, into the pectoral muscle 
of the papillae Combs and wattles became enlarged, and crowing 
was noticed at 3 days of age Kosin's findings support the observation 
of Macdonald and Taylor (1933) that the papilla of the male chick 
possesses some histological characteristics of a true penis 

Each spermatozoon has a highly specialized structure consisting of a 
pointed acrosome on the anterior tip of the slender head, which contains 
the nucleus, a middle piece posterior to the head, and a long tail oi 
flagellum The number of spermatozoa per unit volume of semen has 
been determined by several investigators (Hutt 1929, Parker, McKenzie 
and Kempster 1942a, Wheeler and Andrews 1943), the number being 
quite \ariable but ranging mostly between a few hundred thousand to 
over 10,000,000 per cubic millimeter of semen 
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The rate of semen production is influenced to some extent by the 
temperature m i\ hich the males are kept, it already having been noted 
that testicular gronth is greater m young cockerels kept in a tempera- 
ture of about 80° r than m joung cockerels kept in a temperature of 
about 40° r Semen production also increases under the influence of 
lighting up to 12 hours daily, as shoim by Lamoreux (19436), maximum 
response to stimulation being attained in about 1 month 

Semen production i aries seasonally Parker and McSpadden (1943a), 
\Mth Rhode Island Reds, showed that the time of the year during which 
da> light increases results in increased activity of the testes by means of 
the gonadotropic hormone secreted by the anterior pituitary, increased 
amounts of androgenic hormones being secreted by the testes IVheeler 
and Andrews (1943), with Barred Plymouth Rocks, also secured results 
indicating a seasonal influence on semen production Relatively, the 
largest volumes of semen w ere produced betw een November and March, 
and the total number of spermatozoa per ejaculation increased signifi- 


cantly betw een December and April , , , , 

The results of a few investigations have shown that when males are 
restneted in their feed supply, semen production tends to be reduced 
Lamoreux and Jones (1942) and Searcy and Andrews (1943) found 
that dubbing the combs of males (to avoid freezing) did not affect semen 

production , . r 

Relatively little work has been done 
factors on semen quality Sampson and Warren (1939) found that n 
semen produced by their White Leghorn males there were relatively 
tew morphologically defective spermatozoa The and 

roidism on semen volume and quality were studied by Shaffner a 
Andrews (1948) Th.ouracial, a thyroid depressant was fed at 0 2 and 
0 5 per cent levels, respectively, m the ration for ^ P^nod of 18 weeks 
to two groups of sexually mature Barred Plymouth Rock males and 
untreated control males were kept for observation The ■nduced hypm 
thyroidism did not influence sperm concentration or number of sper- 
matozoa markedly but lowered initial motility of the spermato oa md 
decreased their survival time at 40 2° P The most striking effect result- 
ing from hypothyroidism w as the reduction of fertility follow mg a sing e 


'“TlsIsTrdied the effects of h. 

thjroprotem at the rate of 10 grams per 100 pounds 
to 2-year old Barred Plymouth Rock males and found that the volume 
u ^ year oiu r>ai e j affected but there w as deterioration 

and concentration of semen « ere notJT 

m semen qualitj and, hence, lowerea j TclnnrJ 

(1949) compared results secured from two groups of Rhode Island Red 
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of the oviduct in 26 minutes except ^\hen a yolk is m the albumen- 
secreting portion of the oviduct or a fully formed egg is m the uterus 
Although spermatozoa are able to traverse the oviduct this quickly, 
many of them apparently remain in folds of the oviduct for some time, 
according to Walton and Whetham (1933) Payne (1914) killed different 
females at intervals of 30 minutes to 56 days after they had been mated 
and observed spermatozoa in the oviducts at all periods He also ob- 
served, ho^vever, that most of the spermatozoa had lost their tails and 
had degenerated to a considerable extent Warren and Kilpatrick (1929) 
found that most spermatozoa lose their tails ^\lthln 24 hours after being 
deposited m the female cloaca 

Although only one spermatozoon fertilizes the germinal disc of the 
ovum, the large numbers of spermatozoa produced by males daily are 
necessary to secure good fertility among eggs produced dunng the 
breeding season Hutt (1929) and Sampson and Warren (1939) ob- 
served that the concentration of spermatozoa in semen bore no relation 
to fertilizing capacity In the artificial insemination of females, Munro 
(1938) suggested that about 100,000 000 spermatozoa must be insemi- 
nated in order to secure optimum fertility 

Van Dnmmelen (1945) artificially inseminated virgin pullets and up 
to the fourteenth day thereafter observed that their oviducts contained 
active and morphologically normal spermatozoa m the anterior end of 
the oviduct Eight days after semen was placed in the body cavity of 
virgin pullets. Van Dnmmelen (19465), observed “sperm nests" or con- 
centrations of spermatozoa m crypts at the anterior end of the oviduct 

Where Ferhltzalion Occurs Harvey (1651), Ivanov (1924), and 
Vermeulen (1929) were of the opinion that fertilization took place m 
the ovary, before the yolk was released from the ovary On the other 
hand, several investigators, including Barfurth (1896), Walton and 
Whetham (1933), and Van Dnmmelen (194Ga, 19466) were of the 
opinion that fertilization takes place soon after the yolk was released 
from the ovary 

Olsen (1942) was of the opinion that fertilization normally occurs 
about 15 minutes after the yolk is released from the ovary Olsen and 
Neher (1948) demonstrated m a unique senes of experiments that the 
ovum IS normally fertilized after its release from the ovary Ova 
removed from ovaries of artificially inseminated pullets when trans- 
ferred to oviducts of virgin pullets jieldcd no fertile eggs Ova removed 
from ovaries of virgin pullets transferred to oviducts of artificially m 
seminated pullets yielded fertile eggs Fertile eggs were obtained when 
fresh semen was placed into the antenor end of the oviduct and in the 
“ovarian pocket" of the body, into which jolks drop if not engulfed 
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Left Ovary and Omduct, Normal in Females 

If the left ovary is surgically removed when the female chicken is a 
few days old, the rudimentary right gonad develops into what is known 
as a pseudotestis The removal of the left ovary is called sinistral 
ovariotomy, it causes the females (poulards) to acquire plumage re- 
sembling that of a male Details are discussed m a later chapter 
Domm and Blivaiss (1947) have shown that successive implantations of 
androgen pellets in B^o^vn Leghorn pullets resulted in their assuming 
male copulatory behavior 



Fio 10 Two ovaries and oviducts in a Rhode Island Red hen that had been laying 
Note fully formed egg in uterus of lower oviduct and yolks m vaiying stages of de 
velopment m upper ovary At upper right the digestive tract has been severed 
(B Alder, 1931 ) 

Growth of the Ovum In an inactive condition the ovary appears as a 
small, whitish mass of irregular contour, whereas in the active condition 
it appears as a yellowish cluster of spheres of varying sizes These 
spheres are ova 

As growing pullets approach sexual maturity, estrogen secreted by 
the ovary raises the level of iipids or fatty materials in the blood stream 
as shown by Lorenz, Chaikoff, and Entenman (1938) Thus, estrogen 
secretion makes possible the deposition of yolk material in the devel- 
oping follicle Lorenz (1939) has shown that the amount of fatty acids 
m the blood of hens m laying condition is several times that of immature 
pullets, and Chaikoff, Lorenz, and Entenman (1941) have shown that, 
when hens stop laying the amount of fatty acids in the blood is reduced 
to the nonlaj ing lev cl 

Traps (19-10) showed that the rate of jolk production was accelerated 
bj injecting lajing females with prcgnnnt-marc «:cnim, which contains 
a folliclc-stimiilating hormone Phillips (1943), bj dail> intramuscular 
injections of an extract of the anterior pituitarj , secured marked ov anan 
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to the nonlaj ing lev cl 
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Left Ovary and Oviductf Normal in Females 

shown by the extensive observations of Marza and Marza (1935), 
yellow yolk as well as white yolk being secreted. According to Lilhe 
(1919), the layers of w'hite yolk are thinner than the layers of yellow 
yolk. Based on the observations of Conrad and Warren (1939), the 
deposition of yellow yolk is determined by the presence of xanthophyll, 
a carotinoid pigment, contained in the feed. When laying hens are 
kept in confinement and are fed a uniform diet, the yolk secreted is 



Fra. 12. Two yollcs ehowing alternate layers of white and yellow yolk >n concentric 
nngs except where they terminate to form the neck of the latebra, which leads to the 
latcbra m the center of the yolk. (Warren and Conrad, 1939 ) 


uniform in color. Apparently the yolk obtains verj’^ small amounts of 
carotinoid pigment from the tissues of the laying lien. 

Tlic yolk material is conveyed to the o\'um by the highly vascular 
follicle and enters by diffusion. UomanofT (1931) has shown that the 
growth of the ovum is marked by a very' rapid increase in the percentage 
of dry' matter, which reaches the highest point in tlic mature o\'um. 
Originally' the germinal disc, or nucleus, is in the center of the ovum, 
but as the ovum grow.s through the accumulation of yolk material tlic 
germinal disc migrates to the uppermost periphery of the ovum and lies 
beneath the vitelline membrane. Warren and Conrad (1939) anti 
HomanolT (1913), among others’, have .shown that the alternate layers 
of white y’olk and yellow yolk arc nrTnngo<l nearly sy’mmetrically except 
at the location of the germinal disc and where the neck of the latebra 
extends from below tlie germinal disc to the latebra in the center of the 
yolk (soe I'ig. 12). Tlio layers of yellow yolk may l>c uf) to fixe times 
as thick as the layers of xxliitcy’olk, 

I^ich ovum grows very slowly up to about 10 d.ays l>eforc it i-* ready 
to l(MXe the ovary. Warren and Connid (193U) ob-erxisl tint during 
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uniform in color. Apparently the yolk obtains very small amounts of 
carotinoid pigment from the tissues of the laying hen. 

The yolk material is conveyed to the ovum by the highly vascular 
follicle and enters by diffusion. Romanoff (1931) has shown that the 
growth of the ovum is marked by a very' rapid increase in the percentage 
of dry' matter, which reaches the higlicst point in the mature omm. 
Originally' the germinal disc, or nucleus, is in the center of the ovum, 
but as the ovum grow.s through the accumulation of yolk material the 
germinal disc migrates to the uppermost periphery of the ovum and lies 
beneath the vitelline membrane. Warren and Conrad (1930) anti 
Romanoff (1913), among others’, have .shown that the alternate layers 
of white y’olk and y'ellow yolk arc arranged nearly sy’mmetrically except 
at t!io location of the germinal disc and where the neck of the latebra 
extends from below tlie germinal disc to tlie latebra in the center of the 
yolk (see Tig. 12). Tlie la.vers of yellow yolk may l>c uf) to fixe tunes 
as thick as the layers of xxhitcy’olk. 
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Nalbandov and Card (1946) point out that in laying hens the folhcle- 
stimulating hormone brings about the cessation of laying and the matu- 
ration of several ova capable of induced ovulation following administra- 
tion of luteinizing hormone 

The eggs laid by a hen on consecutive days is called a clutch A new 
clutch IS started one or more days after the termination of the preceding 

1^' day^s^nterval bet^\een clutches is due to a postponement of ovula- 
tion The yolk of the first e^ of a clutch has a longer total grovth 
penod than that of succeeding eggs in a clutch Among hens pausing 
1 day between clutches, Fraps (1942) demonstrated that the enforced 
premature ovulation of the first yolk of the succeeding clutch by as 
much as 3 to 6 hours results m the premature laying of the last egg of 
the preceding clutch by approximately the same time 

Development of Oviduct In young pullets, as long as the ovary 
remains relatively undeveloped and m a quiescent state, the oviduct re- 
mains relatively undeveloped Goodale (191C) was among the first to 
show that the surgical removal of the ovary causes the oviduct to be- 
come infantile m character This finding vas confirmed by Domm 
(1924) Juhn and Gustavson (1930) observed that daily injections of 
female sex hormones into young pullets caused an increase m the func- 
tional development of their oviducts by as much as about ten times 
over the oviducts of untreated chicks Greenwood and Blyth (1938) 







Fig 14 Left a functional ovary showing gradations m size of ova O^arren and 
CJonrad 1939 ) Right A a follicle about 20 hours before the follicular rupture is to 
occur The stigma is narrow and the blood vcsscK are prominent Right B folli 
clc immediately before rupturing the stigma is wide and the blood vessels arc less 
prominent (Phillips and \\ arren 1937) 

clutch, depending upon the inherent Hjing abilitv of the hen Verv 
poor lajers ma> skip 3 or more dnjs ficforc starting the next clutch 
and each clutch is usualK not more than two egg’? Good lavcrs usualK 
U\ m clutches of three or four eggs and t!ic intervals between clutches 
are usualK not more than 1 dax Acrx good lavcrs ueuallv laj for 
‘several daxs m succession one of (he longest clutches on record l>eing 
that of a lute I eghom tint laid 223 eggs m as mnnj dav s m an ofTi- 
ciallx conducte<l Canadian egg lajmg contest 
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1 day between clutches, Fraps (1942) demonstrated that the enforced 
premature ovulation of the first yolk of the succeeding clutch by as 
much as 3 to 6 hours results in the premature laying of the last egg of 
the preceding clutch by approximately the same time 

Development of Oviduct In young pullets, as long as the ovary 
remains relatively undeveloped and m a quiescent state, the oviduct re- 
mains relatively undeveloped Goodale (191C) was among the first to 
show that the surgical removal of the ovary causes the oviduct to be- 
come infantile m character This finding was confirmed by Domm 
(1924) Juhn and Gustavson (1930) observed that daily injections of 
female sex hormones into young pullets caused an increase m the func- 
tional development of their oviducts by as much as about ten times 
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Nalbandov and Card (1946) point out that in laying hens the follicle- 
stimulating hormone brings about the cessation of laying and the matu- 
ration of several ova capable of induced ovulation following administra- 
tion of luteinizing hormone. 

The eggs laid by a hen on consecutive days is called a clutch. A new 
clutch is started one or more days after the termination of the preceding 

I^IL dai* s interval between clutches is due to a postponement of ovula- 
tion. The yolk of the first egg of a clutch has a longer total growth 
period than that of succeeding eggs in a clutch. Among hens pausing 
1 day between clutches, Fraps (1942) demonstrated that the enforced 
premature ovulation of the first yolk of the succeeding clutch by as 
much as 3 to 6 hours results in the premature laying of the last egg of 
the preceding clutch by approximately the same time. 

Development of Oviduct. In young pullets, as long as the ovary 
remains relatively undeveloped and in a quiescent state, the oviduct re- 
mains relatively undeveloped. Goodale (1916) was among the first to 
show that the surgical removal of the ovary causes the oviduct to be- 
come infantile in character. This finding was confirmed by Domm 
(1924). Juhn and Gustavson (1930) observed that daily injections of 
female sex hormones into young pullets caused an increase in the func- 
tional development of their oviducts by as much as about ten times 
over the oviducts of untreated chicks. Greenwood and Blyth (1938) 
injected female sex hormone into eggs during the early stages of incuba- 
tion and observed that the pullets hatched from these treated eggs for 
the most part laid eggs devoid of shell or lacking both shell and shell 
membranes. The pullets had two oviducts, both incompletely devel- 
oped. 

Following these early reports, many others have been presented that 
show the dependence of the functional activity of the oviduct upon 
estrogens secreted by the ovarj’. Among these might be mentioned the 
incrca.'jc in oviduct weight up to 80 times that of norma! female cliick.s 
in chicks injected with female sex hormone, as reported by Munro and 
Kosin (1943). Also, Ilcrrick (1941) injected Wliitc I.cglioni female 
chicks between IS and 38 days of age with a female .“c.x hormone and 
observed tliat the development of their oviduct.s was more than 4S time.s 
the extent of tlic development of oviducts of compamldc untreated 
chicks. 

It is clear, therefore, that n.s the growing pullet attains .‘•exual maturity 
the estrogen seereto<l by the ovarj* stimulatc.s tlie functional activity 
of tlic oviduct. 
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mucin fibers, which are a characteristic constituent of thick white, but 
this nas not confirmed by Conrad and Scott (1942) Asmundson and 
Burmester (1936) have shown that thick white secreted in the magnum 
IS of a gelatinous nature w ithout evidence of chalazae 

As the yolk with its gelatinous envelope of thick white progresses 
through the isthmus of the oviduct, some of the thick white becomes 



Fig 1G Schematic representation of the structure of a hen s egg All the principle 
parts are named except the bloom, or cuticle, on the outside of the shell and the con 
centric layers of white and>ellow jolk forming thc>olk The flask shaped structure 
appro\imatcl> in the center of the jolk is the latebra and is comprised of white jolk 
The germinal disc, at the top of the neck of the Htebra in a fertile incubated cpg 
develops into the blastoderm which in turn becomes the embrjo (Modified from 
Schaible Davidson and Moore, and Adamstonc and reproduced b> permission of 
McGraw Hill Book Co Inc , from Poultry Husbandry b> M A Jull ) 

p'lrtmllj liquefied, npp'ircntl} due to the effects of the mechanic'll mov e- 
ments of the oviduct According to Conrad and Phillips (193S), the 
liquefaction of a portion of the tliick white is due to colloidal change 
that takes place Almqiiist and Lorenz (1933) and Almtjuist (193()) 
submitted evidence indicating that the difference between thick and 
linn white is not of a chemical nature 
Warren and Scott (1933a, lOSit) and Conrad and Phillips (103S) 
have ‘•hown that there is a marke<I mcrei‘>c in the formation of the inner 
liver of thin white about 5 hour^ after ovulation has taken pi ire 
Apparentlv no white is ‘^ecrctetl wlnle the volk pas'-e*' through the 
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mucin fiberS; which are a characteristic constituent of thick white, but 
this was not confirmed by Conrad and Scott (1942) Asmundson and 
Burmester (1936) have shown that thick white secreted in the magnum 
IS of a gelatinous nature w ithout evidence of chalazae 

As the yolk with its gelatinous envelope of thick white progresses 
through the isthmus of the oviduct, some of the thick white becomes 



Fia IG Schematic representation of the structure of a hen s egg All the principle 
parts arc named except the bloom, or cuticle, on the outside of the shell and the con 
centric layers of nhite and yellow jolk forming the >olk The flask shaped structure 
approximate^ in the center of the jolk is the latebra and is comprised of nhite jolk 
The germinal disc, at the top of the neck of the latebra in a fertile incubated egg 
develops into the blastoderm which in turn becomes the embrjo (Modified from 
Schaible Davidson and Moore, and Adamstone and reproduced b> permission of 
McGraw Hill Book Co Inc , from Poultry Husbandry b> M A Jull ) 

p'lrtmllj liquefied, npp'ircntlj due to the effects of the mechanic'll mov e- 
ments of the oviduct According to Conrad and Phillips (193S), the 
liquefaction of a portion of the tliick white is due to colloidal change 
that takes place Almqiiist and Lorenz (1933) and Almquist (1930) 
submitted evidence indicating that the difference between thick and 
linn white is not of a chemical nature 
Warren and Scott (I93ja, 193»(») and Conrad and Phillips (103S) 
have ‘•houn that there is a marked mprei‘>c in the formation of the inner 
liver of thin white about 5 hoiirv after ovulation has taken pi ire 
Apparentlv no white is ‘^ecrctetl wlnle the volk pas'-e*' through tin 
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mucin fibers, which are a characteristic constituent of thick white, but 
this ■\\as not confirmed by Conrad and Scott (1942) Asmundson and 
Burmester (1936) have shoun that thick nhite secreted m the magnum 
is of a gelatinous nature without evidence of chalazae 
As the yolk ^\lth its gelatinous envelope of thick white progresses 
through the isthmus of the oviduct, some of the thick white becomes 
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parts are named e\cept the bloom or cuticle, on the outside of the shell and the con 
centric layers of \\ Into and j ellow j oik forming the j oik The flask shaped structure 
approMmateb in the center of the yolk is the latebrn and is comprised of ulutc j oik 
The germinal disc at the top of the neck of the htebra in a fertile incubated egg 
develops into the blastoderm v\hich m turn becomes the embryo (Modified from 
Schaible Dividson and Moore and Adamstone and reproduced by permi'^ion of 
McGraw-Hill Book Co Inc irom PouUry Ilushandryh^ M A Jull ) 

partnllj liquefied, apparently due to the effects of the mechanical mo\ o- 
monts of the OMtluct According to Conrad and Pliillips (193S), the 
liquefaction of a portion of the thick white is due to colloidal change 
tint takes place Almquist and Lorenz (1933) and Almquist (1930) 
submitted evidence indicating that the difference bctucen thick and 
tliin white IS not of a clicmical nature 
^\a^rcn and Scott (lOS'ja, 193 >6) and Conrad and Phillips (193S) 
have ^hown that tlicrc is a markinl incrca‘*c in the formation of the inner 
luer of thin white about > hours after ovulition h us tnkin pi ire 
Vpparentlv no ulutc is ‘•ccrctcd wlidc the volk pus'-cv through th< 
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mucin fibers, which are a characteristic constituent of thick white, but 
this ■\\as not confirmed by Conrad and Scott (1942) Asmundson and 
Burmester (1936) have shonn that thick nhite secreted m the magnum 
IS of a gelatinous nature without evidence of chalazae 
As the yolk ^\lth its gelatinous envelope of thick white progresses 
through the isthmus of the oviduct, some of the thick white becomes 
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monts of the oviduct According to Conrad and Phillips (193S), the 
liquefaction of n portion of the thick white is due to colloidal change 
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cent magnesium carbonate, 1 per cent calcium phosphate, and 4 per 
cent organic material, chiefly protein. Burmester, Scott, and Card 
(1939) found that the rate of deposition of calcium carbonate is slow 
during the first 3 hours after the egg enters the oviduct but then in- 
creases and very soon attains a constant rate, which is maintained until 
the twentieth hour. It has been well established that the blood calcium 
is higher in laying birds than in nonlaying birds. 

The shell is quite porous and is comprised of an inner layer of calcite 
crystals and a chalky layer that comprises about two-thirds of the 
entire shell. The porous nature of the shell and shell membranes per- 
mits the embryo to respire by the outward diffusion of carbon dioxide 
and the inward diffusion of oxygen. Stewart (1935) described in detail 
the structure of the shell of the hen’s egg. 

Oviposition. The act of laying requires a few minutes only, the 
completed egg passing from the uterus through the vagina and being 
expelled by the eversion of the cloaca. 

Olsen (1942) observed that, within 4 hours after the yolk enters the 
uterus, cell division of the blastodisc has proceeded to approximately 
the 25G-cell stage. Among eggs laid by virgin hens, Kosin (1945) found 
evidence of cell division in the blastodiscs, cell division apparently 
having ceased shortly after oviposition. 

It has been indicated quite clearly that there is a relationship, appar- 
ently hormone in nature, between ovulation and oviposition. Rothchild 
and Traps (1944a) surgically removed the ruptured follicle whose yolk 
was still in the oviduct and observed that the oviposition of the egg 
containing this yolk was usually delayed up to 7 days later than ovi- 
position would normally have taken place. 

Ncher, Olsen, and Traps (1950) removed mature follicles from ovaries 
15 minutes after oviposition of the preceding egg of the same clutch 
and placed them in a warm porcelain disli, containing Ringer’s or saline 
solution and maintained at approximatch* 107® F. All follicles studied 
were either second or subsequent follicles in their respective clutches 
The follicles of hens la 3 'ing two eggs per clutch ovulated in G0.5 minutes, 
on the average, after oviposition of preceding egg, and the follicles of 
liens laj’ing tlircc eggs per clutch omlated in 41.7 minutes, on the aver- 
age, after ovipo'^ition of preceding egg. 

Burrows and Bycrly (1912) injected pituitrin intravenously into liens 
and ob‘?cr\'c<l that eggs could be expelled prcmaturcl.v any time after 
they liad cntcre<l the uterus. Burrows and Fraps (1012) found tliat 
premature ovipa-ition of hani-^hcllctl eggs can npp.arenlly Ik? cffectcxl 
1>Y va'-oprc'-'^in alone, but oxytocin nl«o is a contributing factor if a<l- 
ministenKl in mflictentl.v Iiigh concentrations. 
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also found that more eggs were laid during the hours of feeding with 
light than during the hours of light without feeding It was concluded 
that feeding and activity of the birds are closely related and that ac- 
tivity IS apparently of considerable importance with respect to timing of 
oviposition 

Fraps, Neher, and Rothchild (1947) confirmed McNally’s observa- 
tion concerning the influence of activity on oviposition and, in addition, 
concluded that photoperiodicity is not a necessary factor in regulating 
oviposition Data pertaining to their results are given herew ith 

Eggs Laid m Active 
Active Penod Penod, per cent 
6 A M -8 p M 98 

6 A M -6 p M 95 

6 p M -6 A M 72 

PROBLEMS 

1 What principal functions are performed bi estrogens and androgens? 

2 What hormone is secreted by the thyroid and how is the functioning level of 
the thyroid regulated’ 

3 Mention three hormones secreted b> the anterior pituitary n Inch have specific 
effects on the gonads and discuss bnefly the function of each of these three hormones 

4 Dran an illustration of the male rcproductne s>stem and tell lion spermatozoa 
are formed and hon they are transported to the nidimcntaiy copulatory organ 

6 Mention the various factors that affect semen production and quality 

6 M here docs fertilization of the ovum take place? 

7 Draw an illustration of the left ovary and oviduct, mentioning the different 
‘lections of the oviduct 

8 Describe bricflj the growth of the ovum 

9 Define o\ulation and oaiposition and discuss bncflj the relationship between 
the two c>cnts 

10 Discuss the morcimportant cacnlsm tite formation of the four Ia>ers of albumen 

11 How do light and ncti\atj influence egg laj mg’ 

12 What changes take place m a male u{)on licing castritcd and wliat changes 
t ike place in a female when her left o\nr> is rcmoaeil’ 

SI LHCTI D LITI U\TURL RI I LRI NCHS 

Ainrn B 1031 Personal communication 

ALMQttsT, 11 J , 1930 lormation of the chahzae m the hens egg Paul Set 

13 100-lbl 

\iMgLlsT, II J , and I W Ixmi nz 1*^33 The holals cont« nt of t gg whiti Pout 
Set 12 «« SO 

VsiasD-sos, \ , and B R IltiiMrsTf it, 1**30 Tin st'crttorj nctiMt\ of th< jjsrts 

of the h( nV o\ i luct Jotr Fxfil 7o>A 72 22 >210 

\ , nntl B H Biiiinsriit 1**5S II' • ITitI of n—s-ting a pnrt of 

the ut< nis on the fonnati m of thf hen s egg 7*oi/ I7il2’> ITO 


Feeding Time 
Continuous 
8 A M -4 P M 
8 P M ^ A II 
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3 • Mechanism 
of Inheritance 

In all the higher forms of animal species, life is perpetuated through 
the egg The mating of a male and female fowl serves the purpose 
of bringing together the male and female reproductive cells, spermatozoa 
and ova, respectively It has been pointed out m the previous chapter 
that an ovum is fertilized by one spermatozoon only, so far as is kno^vn 

Gametes and Zygotes. From the standpoint of reproduction and 
inheritance, the reproductive cells are spoken of as “gametes,” the term 
“gamete” meaning a spouse The ovum is the female gamete and the 
spermatozoon the male gamete The fertilization of the female gamete 
by the male gamete produces the fertilized egg, which is spoken of as 
the “zygote,” a term meaning yoked together It is the zygote that 
develops into the chick 

Chromosomes. Each gamete contains little threadlike bodies called 
“chromosomes,” which are transmitted from parent to offspring A 
fact of fundamental importance is that the number of chromosomes in 
any given species of animal is constant The number of chromosomes 
in the domestic fowl has been studied by a number of investigators, 
several of whom observed a relatively large number, a few being large 
and several being verj’ small Yamashma (1944) concluded that the 
female chicken has 77 chromosomes and the male chicken 78 chromo- 
somes 

Sc\ Chromosomes and Aniosomcs, The diffeiencc between the 
number of the chromosomes in the male and female is due to tlie fact 
that the female has one less chromosome than the male The se\ 
chromosomes in any species apparently arc always associated with «:c\ 
The female chicken has 1 sc\ chromosome and the male Ins 2 ‘jox 
chromosomes The rest of the chromosomes arc called “auto‘^omts ’ 
and are alwajs in pairs Accorthng to Yamashma, the male has 3S 
pairs of aiito‘5omcs and 2 sc\ chromosomes, where is the female chicken 
has 3S pairs of autosomes but onh I se\ thromosomc («ec Tig 18) 

4'f 
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form of an equation, the situation is thus A gamete of male origin with 
38 autosomes and 1 sex chromosome + a gamete of female origin with 
38 autosomes = a zygote with 38 pairs of autosomes and 1 sex chromo- 
some 


Male X Female 



Fig 19 The male fowl has 38 pairs of autosomes plus 1 pair of sex chromosomes 
whereas the female fowl has 38 pairs of autosomes but only 1 sex chromosome The 
male produces but one kind of gametes each of which contains 38 autosomes plus 1 
sex chromosome The female produces two kinds of gametes one kind containing 
38 autosomes plus 1 sex chromosome and the other containing 38 autosomes but no 
sex chromosome A gamete of male origin upon uniting with the gamete of female 
origin containing the sex chromosome produces a zygote containing 38 pairs of auto- 
somes plus 1 pair of sex chromosomes such a zygote develops into a male A gamete 
of male origin upon uniting with the gamete of female origin containing no sex chromo 
some produces a zygote containing 38 pairs of autosomes but only I sex chromosome 
such a z> gote develops into a female 

Up to the present only one phase of the reproductive ejelo has been 
discussed, the union of a gamete of paternal origin with a gamete of 
maternal origin The other phase of the rcproductuc cjcle consists in 
the development of the gametes from the 23gotcs For tlio sake of 
simplicity, the bohavior of tlic sc\ chromosomes m the processes in 
voUed IS omitted from this brief discussion Eacli zygote gives rise to 
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acter confined exclusively to birds, but the fact that some birds have 
laced feathers whereas other birds have penciled feathers and the fact 
that some birds lay veil vhereas others do not are matters that require 
explanation if one is to gain a clear understanding of the manner in 
vhich the different characters that birds possess are reproduced from 
one generation to the next From the standpoint of inhentance, the 
term character means any one of the many details of form, substance, 
structure, or function in a fovl’s make-up 
Inhentance is transmission from parent to offspring The characters 
are not transmitted bodily, hovever, for instance, there are no feathers 
in the egg or on the chick when hatched, but the chick possesses the 
ability to grow feathers It is the ability, pover, or potentiality to 
develop characters, such as white or yellow skin color, barred or spangled 
feathers, crests, feathered shanks, brown or white color of egg shell, 
that is inherited It is the ability to produce an abundant amount of 
flesh of excellent quality or the ability to lay well that is inhented 
Although it IS true that the characters which a fowl possesses are not 
transmitted bodily, it seems justifiable to speak of the inhentance of 
characters, as, for instance, the inheritance of white and black, of 
barnng, and of egg production Such a method of discussing the sub- 
ject of inheritance simplifies the problem of presenting the matter 
The Significance of Variation Reference has already been made 
to numerous characters possessed by domestic fowls, but the fact should 
be emphasized here that each and every individual fowl possesses a 
large number of characters A Barred Plymouth Rock possesses a 
single comb, barred feathers, red earlobes, yellow skin, beak, and 
shanks, nonfeathered shanks, and four toes, as well as many other 
characters A Light Brahma possesses a pea comb, a Columbian colored 
plumage pattern, and feathered shanks and has a different shape from 
that of the Barred Plymouth Rock A White Plymouth Rock, however, 
has the same shape as the Barred variety but differs from it m having 
white plumage Moreover, not all White Plymouth Rocks are exactly 
alike There is always some difference, however minute that distin- 
guishes two individuals which are otherwise much alike, and this is as 
true among men as among domestic fowls 

It should be kept in mind, of course, that conditions under which 
birds are kept (their environment) sometimes exert a considerable in- 
fluence on various hereditary chaiacters, such as growth and egg pro- 
duction Disease and parasites usually increase the amount of variation 
that normally exists among individuals in a flock For further informa- 
tion on the relationship between heredity and environment the reader 
should consult Dobzhanskj (1950) 
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The manner m \\hich the characters black and uhite are inherited 
in a cross beh\een Black Rose-Comb and White Rose-Comb Bantams 
amH serve to illustrate the mechanism involved in the inheritance of 
many pairs of characters The first reference to a cross of this type 
which had actually been made was reported by Bateson and Punnett 
(1908) They mated Black Rose-Comb Bantams to White Rose Comb 
Bantams and secured black progeny only They mated 3 of the Fi 
black females to 1 of the Fi black males and secured 70 black and 24 
white progeny This result approximates very closely a ratio of 3 blacks 
to 1 white 

The results of crosses between White Rose-Comb and Black Rose- 
Comb Bantams secured at the U S Animal Husbandry Experiment 
Farm, Beltsvillc, Maryland, are given, in Table 1, together with photo- 
graphs of birds used in the various matings (see Figs 20 and 21) 

Dominance and Recessiicness. It has already been noted that m 
the cross between Black Rose-Comb and White Rose-Comb Bantams 
all the Fi progeny are black The gene for white was transmitt'=*d m 
exactly the same manner as the gene for black, but none of the Fi 
birds shows any white in its plumage Each zygote giving rise to an 
Fi bird contains a gene for black and a gene for white, but a black bird 
IS the result Black is dominant to white in this particular cross The 
white of the White Rose-Comb Bantam is recessive to color 
Since in this cross black is dominant to white the character black 
IS represented by the capital letter N, meaning nigrant or black, and 
the recessive character white is represented by the small letter n, mean- 
ing the absence of nigrant or black (See Fig 22 ) Furthermore, since 
genes are responsible for the development of the hereditary characters 
black and white, the genes are represented by the letters N and n 
respectively The zygote of the purebred Black Rose Comb Bantam 
contains the genes NN, and the zygote of the purebred White Rose- 
Comb Bantam contains the genes nn 

It should be pointed out that the symbols N for black and n for white 
are used here purely as a matter of convenience, the proper symbols 
that correctly express the difference between black and white plumage 
m Rose-Comb Bantams are given m the next chapter The sjmbols 
N and n are emplojed at this time for the sake of simplicity in illus- 
trating the principle of dominance of one character over another and 
the principle of the segregation of characters The symbol B is not 
used for black because B has long since been used to represent barring. 

IIomo 7 >gous and Hctcrorvpou*? The con-iUtution of the zygote 
of the purebred bhtk parent (iViV) is spoken of ns being “homozjgoiis 
which means simplj that two similar genes arc contained in the zygote 
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fla 21 A BlacL Rose Comb Bant iin male mat«l to a Bliite Rose-Corah Bantam 
female (the P, generation) produces offspring (the Fi generation) all of nhich arc 
f’ltck, a, in the reciprocal cross illustrated m Fig 20 Similar result, are secured ,n 
‘he Fr generation, 3 blacks to 1 uhite. ouing to the ntll-estahlishcd Mendel, an 
pemciple of the segrcat.on of the genes The results secured in this cross and in the 
eross illustrated in Fig 20 demonstrate that the genes for black and for >>hite ire 
eontaincd in the autosomes and not in the sea chmmosom^ See figs - and .3, 
"lech shou clearly hou the proportion of 3 blacks to I ithitc is s, ™r.sl in the f, 

generauon of the crosses Illustrated (dull and Quinn 1029) 
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Fj Black hybrid X Black hybrid 



Fia 23 The Fi zygotes give rise to tho Fi gametes, and these gametes unite m 
pairs to form the Fj zygotes, uhich develop into the F 2 progeny The color of the 
progeny is in the proportion of 3 blacks to 1 white Among the blacks, 1 is homo- 
zjgous and 2 are hetcrorygous for black The homozygous black and the homo- 
zygous white are the same kind of birds as tho original parents, see Pi zygotes m 
Yig 22 


gametes of female origin 
N n 



Fig 24 Showing the Fj results produced by a mating of an Fi male X Fi 
female, each of the Fi birds being black because in this cross black is dominant 
to white The F 2 generation consists in the proportion of 3 blacks to 1 white 
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large enough numbers of F 2 birds are secured This ratio is accounted 
for by the segregation and recombination of the genes from one genera- 
tion to another 

The Principle of Segregation. In the cross between two contrast- 
ing characters, black and white, it has already been observed that in 
the first filial generation one character dominated the other but in the 
second filial generation there was a segregation of the characters so that 
the two contrasting color characters appeared in the proportion of 3 
blacks to 1 white Two contrasting characters brought together in Fi 
become separated from each other in F 2 

Furthermore, it has also been observed that in the F 2 generation 
there are blacks that breed true, producing nothing but blacks, and 
whites that breed true, producing nothing but whites There are also 
blacks that do not breed true, for when they are mated among themselves 
they produce progeny m the ratio of 3 blacks to 1 white, if sufficient 
numbers are raised Therefore, although the r 2 generation is com 
prised of 3 blacks to 1 white, the blacks differ in respect to the results 
they produce when they are bred Among every 3 blacks 1 is homo- 
zygous whereas the other 2 are heterozygous for color, so that the F 2 
ratio IS really 1 2 1, that is 1 homozygous for black, 2 heterozygous 
for black, and 1 homozygous for white, that is 1 NN 2 Nn 1 nn 

The demonstration of the segregation of characters m the F 2 genera 
tion and the concurrent demonstration of the segregation of the genes 
as separate units comprise the first of two major contributions Mendel 
made to the science of breeding The establishment of the principle 
of segregation gave birth to a new conception concerning the manner in 
which characters are inherited from generation to generation and led 
to remarkable discoveries concerning the mechanism of inheritance of 
many characters in poultry 

The Principle of Independent Assortment The second of the 
two major contributions Mendel gave to the science of breeding is the 
demonstration of the principle of the independent assortment of the 
genes This principle is clearly illustrated m the case of the inheritance 
of tw o pairs of characters 

The inheritance of two pairs of characters is precisely the same m 
principle as the inheritance of one pair Since two pairs of characteis 
are involved, the Fi hybrids are able to produce four kinds of gametes 
instead of only two, as in the case of the inheritance of one pair of 
characters Since four kinds of gametes arc produced by each sex, the 
possibilities for the segregation and recombination of the genes is four 
times as great as when only two kinds of gametes are formed as sliow n 
m Fig 25 
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possibilities for the segregation and recombination of the genes is four 
times as great as when only two kinds of gametes are formed as show n 
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New Types Produced 

single-comb parent produces rn gametes, thc'^e unite to form the Fi 
zjgote RrNn Such z\gotcs arc Iieterozj gous for both pairs of char- 
acters, but the presence of R and N makes the Fj birds rose-comb 
black The Fi male zjgotc produces four kinds of gametes (sperm) 
RN, Rn, rN, rn, and, likc\\i*^e, the Fi female z^gote produces the same 
four kinds of gametes (eggs) RN, Rn, rN, rn There are sixteen possible 
combinations The chcckci board plan of illustrating the kind of zygote 
formed bj the mating of any tno gametes is very effcctnc, as shonn in 
Fig 25 

The type of comb and the color of the bird arising from each of the 
If) zjgotes formed arc gi\cn m parentliescs m each square in Fig 25 
Of the IG zy gotes formed, it is obsei \ cd that thc> gi\ e rise to 9 rose comb 
blacks, 3 rose-comb whites, 3 smglc-comb blacks, and 1 single comb 
white, a 9 3 3 1 ratio If comb alone is consideied, however, it 
IS apparent that there arc 12 rose combs and 4 single combs, a 3 1 
ratio Also, if color alone is considered, it is seen that there are 12 
blacks and 4 whites, a 3 1 ratio 

Of the 1C r 2 birds, 12 arc black, of which 9 are rose combs and 3 arc 
single combs, a 3 1 ratio Of the IG F 2 birds, 4 are white, of which 3 
are rose combs and 1 is a single comb, a 3 1 ratio In other w ords 
for either pair of characters considered separately , a 3 1 ratio results 
New Types Produced. It is interesting to obscr\e that the mating 
of Black Rose-Comb Bantams and white smgle-comb bantams has pro- 
duced in the F 2 generation four kinds of birds rose-comb blacks, rose- 
comb whites, singfe-comb bfacks and smgfe comb whites The rose- 
comb blacks and the smgle-comb whites are the same kinds as the 
parents, but the rose-comb whites and the single comb blacks are new 
types How did these new types anse^ 

The parental zygotes are RRNN and rmn All the Fi zygotes are 
of one kind, RrNn The F 2 zygotes as observed in the checkerboard, 
are as follows 

1 RRNN — homozygous rose comb and homozygous black 

2 RRNn — homozygous rose comb and heterozygous black ^ 

2 RrNN — heterozygous rose comb and homozygous black 

4 RrNn — heterozygous rose comb and heterozygous black 

1 RRnn — homozygous rose comb and homozygous white g 

2 Rmn -—heterozygous rose comb and homozygous white 

1 ttNN — homozygous single comb and homozygous black g 

2 rrNn — homozygous single comb and heterozygous black 

1 rmn — homozygous single comb and homozygous white 1 


16 


16 
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Nexo Types Produced 
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independent characters. It will be recalled that in the case of 1 pair 
of characters 2 kinds of Fi gametes arc formed and that in the case of 
2 pairs of characters 4 kinds of Fi gametes arc formed. The number of 
different kinds of gametes formed by the Fi birds is doubled with each 
increa.'jc in the number of difTcrent genes involved. 

In the inheritance of 3 pairs of characters 8 kinds of Fi gametes are 
formed, and in the inlicritancc of 4 paim of characters IG kinds of Fi 
gametes arc formed. Each time the difTcrent genes involved are in- 
creased by 1, the number of F| gametes formed is increased by 2. On 
the other hand, each increase in the number of different genes involved 
increases ijy 4 tiic average numiicr of F 2 individuais required to be 
produced to secure the appearance of the various combinations of char- 
acters resulting from the chance combination of the different kinds of 
Fi gametes. 

It becomes clear, therefore, that, regardless of the number of inde- 
pendent characters involved in the original cross, the mode of inheri- 
tance is the same, and tlic different types produced in the F 2 generation 
always bear a certain mathematical proportion, depending upon the 
number of independent pairs of genes involved. It is well to keep in 
mind, however, that, with respect to the inheritance of such quanti- 
tative characters as growth, hatchability, and egg production, so many 
genes are involved that a curve representing the distribution of the F 2 
generation would have relatively few individuals at each end and have 
increasing numbers toward the center, where the greatest numbers would 
appear. 

Genotype and Phenotype. From the original mating of Black 
Rose-Comb Bantams and single-comb white bantams, F 2 zygotes 
were secured in the ratio of 1 ' 2 RRNn : 2 RtNN : 4 RrNn : 

1 RRnn : 2 Rmn : 1 rrNN : 1 rrNn : 1 rmn. Each group of zygotes 
represents a genotype, which means simply the genetic constitution of 
the birds with respect to comb type and plumage color. 

From the standpoint of the appearance of the F 2 generation with 
respect to comb type and plumage color, the following ratio was se- 
cured: 9 rose-comb blacks : 3 rose-comb whites : 3 single-comb blacks : 

1 single-comb white. Each of these four groups represents a phenotype. 

Backcross, Reciprocal, and Diallel Matings. In inheritance stud- 
ies, it is sometimes desirable to mate some of the progeny to one of the 
parents or other birds of the same genotype with respect to the character 
being investigated. Such a mating is called a backcross. An example 
of reciprocal matings is: Black Bose-Comb Bantam male X White 
Rose-Comb Bantam female and Whtie Rose-Comb Bantam male X 
Black Rose-Comb Bantam female. Another example is: Rhode Island 
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takes place in the gene Snyder (1946) pointed out that mutations 
arc of relativelj rare occurrence This is to be expected, because most 
genes are exceedingly stable The stability of genes is obvious vhen it 
IS realized that birds and other domestic animals are relatively stable 
organisms and produce offspring that do not depart from the normal 
except in rare instances As Lush (1948) has pointed out, the amount 
of variation among birds in a flock from one generation to the next 
IS much the same A dominant mutation produces its effect in the 
succeeding generation A recessive mutation becomes apparent only 
vhen both parents possessing the mutation are mated together, the 
recessive mutation thus being m a homozygous condition In chickens, 
a recessive sex-linked mutation may produce an immediate effect in the 
female Most mutations are harmful, and most of them are recessive 
Many mutations are lethal in their effect An excellent discussion of 
mutations is given by Muller (19476) 

Phcnocopies. This term refers to the simulation of gene effects by 
the action of extnnsic factors, a good example m birds being rumpless- 
ness resulting from some accident during the embryonic development, 
although this condition resembles hereditary rumplessness m certain 
other birds Rumplessness can be produced by injecting insulin into 
the yolk sac dunng embryonic development, as Landauer (1948) has 
shown 

Lethal and Sublethal Genes. An autosomal lethal gene eliminates 
the individual homozygous for it When Creepers are mated among 
themselves, instead of the ratio of three Creepers to one normal, 
actually a ratio of tvo Creepers to one normal results m the offspring 
One-fourth of the offspnng, those homozygous for the Creeper gene, 
which is dominant, die during the first week of incubation The mark- 
edly shortened legs of some Cornish fowl have been shoivn to be due 
to an incompletely dominant autosomal lethal gene Embryos homo- 
zygous for this gene die during the last week of incubation, those alive 
at 22 days being unable to hatch Not only are the legs of the homo- 
zygous embryos extremely short but also the beaks and wings are short 
and the eyes are bulging An example of a dominant autosomal sub- 
lethal gene is one that causes almost complete absence of feathers in 
chicks at hatching time Hatchability is normal, but most of the 
affected chicks die within 5 months after hatching 

Most lethal genes are recessive, their existence being made known 
by hatchability records Autosomal recessive lethals become manifest 
when the gene is in a homozjgous state These cases are discussed in 
later chapters so that at this time only a few need be cited bilateral 
microthalmia, reduced eyeballs, chondrodystrophy, a characteristic short- 
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SEX-LINICED INHERITANCE 

In the domestic foul, certain characters are transmitted from the dam 
to her sons but not to her daughters, although the same characters are 
transmitted from the sire to his sons and daughters Characters that 
are transmitted from dam to sons only are called ^'sex-linked” charac- 
ters 

The results secured from a mating betueen a Rhode Island Red male 
and a Barred Plymouth Rock female are illustrated m Fig 26 The 
male progeny are barred, and the female progeny are black or largely so 
Some of the female progeny may have red in the neck and breast 
feathers, but black is the predominant plumage color 
The results of a mating between a Barred Plymouth Rock male and 
a Rhode Island Red female are illustrated in Fig 27 All the progeny, 
males and females, are barred Barring is dominant to nonbarnng 
It is obaer\ed that different results are produced in these reciprocal 


Zygotes 


Gametes 


Zygotes 



Barred male 


Barred female 


Barred male 


Barred female 


Fia 27 Showing the manner m which the dominant sex linked gene B /orfjirnng 
1 ® transmitted to the daughters as well as the sons in a mating of Barred Plj mouth 
Rock malt X Rhode Island Red female 
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At Hatching Time 

uniting -^ith the gamete of male ongin containing the sex chromosome 
develops into a male ^^hereas the gamete of female origin that does not 
contain the sex chromosome upon uniting with the gamete of male 
ongin containing the sex chromosome develops into a female chick 
Egg Characters. According to the observations of Jull (1924) and 
Jull and Quinn (1924, 1925), the sex ratio of chicks hatched is not in 
any vay affected bj egg shape or size or by any other physical char- 
acteristics of eggs Several ^\orke^s have shoivn that antecedent egg 
production does not influence the sex ratio 
Disease. That disease may affect the sex ratio is indicated by the 
observation of Byerly and Jull (1935) They summanzed the data of 
Dunn (1927), Hutt and Greenwood (1929), and Munro (1932) and their 
own data pertaining to embryos dying from a specific type of chondro- 
dystrophy Among 465 such embryos, 263 were males or 56 6 per cent 
This high sex ratio in affected embryos indicates that males are more 
susceptible than females to this particular disease No explanation has 
as yet been proposed to account for this deviation from the normal sex 
ratio Hazel and Lamoreux (1946) observed a sex ratio of 49 79 among 
8355 White Leghorn chicks obtained from matings designed to measure 
the effects of sex linked lethals upon the variation in family sex ratios 
It is obvious that, in their stock, sex-linked lethals did not affect em- 
bryonic mortality 

Breeds. That breeds sometimes differ with respect to their sex ratios 
has been reported by Callenbach (1929), Byerly and Jull (1935), and 
Crew (1938), all of whom found the sex ratio of Rhode Island Reds 
slightly higher than that of White Leghorns Dudley and Hindbaugh 
(1939) observed differences in the sex ratios of different strains at hatch- 
ing time 

Except for the sex ratio variations due to disease or breed and strain 
differences just reported, the results of practically all studies on sex 
ratios indicate that the sex ratio of the domestic fowl is slightly below 50 
At Commencement of Incubation. Hajs (1945) observed that 
the percentage of male embryos in all fertile eggs at commencement of 
incubation (primary sex ratio) was 49 7 m Rhode Island Reds Over a 
period of 10 years he determined the sex of chicks hatched from 39 
dams all of whose eggs hatched, thus excluding the possible effects of 
prenatal mortality 

At Hatching Time. Observations on sex ratios at hatching time 
(secondary sex ratios) have been numerous In the previous edition of 
this book, the author summarized the results secured by fourteen dif- 
ferent investigators involving 102,143 ca*:es which yielded a «cx ratio of 
49 38 This IS verj close to the prcviouslj mentioned 49 79 sex ratio 
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The regression of the male comb following castration is prevented bj 
transplanting into the body cavity testis tissue obtained either from the 
bird operated upon or from other birds, as indicated by the results se- 
cured by Appel (1929) The restoration of the capon comb to the cock 
condition by the injection of testis hormone was also demonstrated by 
Hardesty (1931), who observed that the hormone produces its effect by 
stimulating the secretion of mucoid in the comb 

In the female the growth of the comb is coincident with the increased 
activity of the ovary, the cortev of which secretes a female sex hormone 
whereas the medulla of the ovary secretes a male hormone, according to 
Greenwood and Chu (1939) As the hen approaches laying condition 
the comb enlarges and becomes more turgid as a result of the increased 
activity of the ovary, but it ''lops’^ to one side m some breeds, owing to 
the asymmetrical lateral increase m the number of connective-tissue 
fibers The increased turgidity, though not reaching the le\el observed 
in the cock’s comb, is due to the secretion of mucoid in the intermediate 
layer of the comb as the result of the influence of the male hormone, 
according to Hardesty (1931) When egg production ceases, the female 
comb regresses because less and less mucoid is secreted The comb of 
the nonlaying hen may be compared with the comb of the capon, the 
injection of the female hormone having practically no effect 

Spurs. Most adult males, including capons, have spurs, whereas it 
IS unusual for a female to have spurs Goodale (1916) and Domm 
(1927), among others, observed that spurs always develop m the female 
iottowmg ovanotomy, the removal of the ovary From this it appears 
that spurs develop best in the absence of the female gonad Kozelka 
(1929, 1932) has shown that the spurs from either sex grafted to the 
male host were of the male type, for the most part, whereas on the fe- 
male host the spur retained the characteristic type of the donor Ko- 
zelka (1933) secured evidence indicating that, once the chick is hatched, 
the male sex hormone does not influence the female spur Apparently 
sex dimorphism in spur development is due primarily to a genetic dif- 
ference, as observed by Goodale (1925) 

Erythrocyte Count. The fact that the mature male and female 
fowl differ in the number of red blood corpuscles, or erythrocytes, 
present m the blood has been demonstrated by Chaudhun (1927), 
Juhn and Domm (1930), Domm, Taber, and Davis (1943), and Domm 
and Taber (1946) Mature males have about 33 per cent more eryth- 
rocytes per cubic millimeter of blood than mature females Capons 
and poulards, smistrally and bilaterally ovanotomized pullets, ha\G 
about the same erythrocyte count as mature females 
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male host the spur retained the characteristic type of the donor Ko- 
zelka (1933) secured evidence indicating that, once the chick is hatched, 
the male sex hormone does not influence the female spur Apparently 
sex dimorphism in spur development is due primarily to a genetic dif- 
ference, as observed by Goodale (1925) 

Erythrocyte Count. The fact that the mature male and female 
fowl differ in the number of red blood corpuscles, or erythrocytes, 
present m the blood has been demonstrated by Chaudhun (1927), 
Juhn and Domm (1930), Domm, Taber, and Davis (1943), and Domm 
and Taber (1946) Mature males have about 33 per cent more eryth- 
rocytes per cubic millimeter of blood than mature females Capons 
and poulards, smistrally and bilaterally ovanotomized pullets, ha\G 
about the same erythrocyte count as mature females 
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Fio 28 Left different types of rudimentary copulatory organs m male chicks at 
hatching time The following are the approximate percentages of the types normally 
found A and B 64 C 8 E and F2I G3 H35 DOS Right different types 
of copulatory organs in female cfiicfcs at hittching time The following are the ap- 
proximate percentages of the types normally found I and J 57 K L and M 17 
N 25 O and P 1 (Canfield 1941 ) 


gree of social dominance is determined by peck order, nhich serves as 
an index of combativeness In a small flock one hen may “boss all 
the other females in the flock A state of social hierarchy usually exists 
among males in flock matings, also Socially dominant males and fe 
males naturally tend to produce relatively more offspring than other 
males and females Those who may be interested should consult the 
folloivmg references and others cited therein Allee and Collias (1940) 
Allee, Collias and Beeman (1940), Allee, Collias and Lutherman 
(1939), Collias (1943), Domm and Davis (1948), and Guhl and War- 
ren (194G) 

Plumage Tjpes and Patterns The Io\\er neck, saddle, and tail 
feathers are longer and more pointed in the male than m the female 
In Chapter 1 it wis pointed out that sex dimorphism in plumage pat- 
tern IS a characteristic feature of particolored \ancties such as the 






Plumage Types and Patterns 


75 



Fio 28 Left, different types of rudimentary copulatory organs m male chicks at 
hatching time The following are the approximate percentages of the types normally 
found A and B, 64, C, 8, E and F, 21, G, 3, H, 3 5, D, 0 5 Right, different types 
of copulatory organs in female chicks at hatching time The /ollomng are the ap- 
proximate percentages of the types normally found I and J, 57, K, L, and M, 17, 
N, 25, O and P, 1 (Canfield, 1941 ) 

gree of social dominance is determined by peck order, which serves as 
an index of combativeness In a small flock, one hen may “boss” all 
the other females in the flock A state of social hierarchy usually exists 
among males in flock matings, also Socially dominant males and fe- 
males naturally tend to produce relatively more offspring than other 
males and females Those who may be interested should consult the 
following references and others cited therein Allee and Collias (1940), 
Alice, Colhas, and Beeman (1940), Allee, Colhas, and Lutherman 
(1939), Colhas (1943), Domm and Davis (1948), and Guhl and War- 
ren (1940) 

Plumage Tjpes and Patterns. The lower neck, saddle, and tail 
feathers are longer and more pointed in the male than in the female 
In Chapter 1 it was pointed out that sex dimorphism m plumage pat- 
tern IS a characteristic feature of parti-colorcd \ancties, such as the 
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r.o. 29. Males acquire different types ot “nder d.fferent c.rcunr ance^ 

A, a capon, resulting from the removal of the testes. <U- S Dept. Agr.) B, a dev elop- 
mcntal ca^on, no operation having been per ormed. (After Greenwood and Crev .) 
C, a Brown Leghorn cockerel that acquired plumage ‘•‘at of a fema e as a 

result of being fed desiccated thyroid. D. a hen-feathemd Brown Leghorn male the 
result of breeding. E, a cock-feathered S.lver-Laccd t yandotte F, a hen 

feathered Silver-Laccd Wyandotte male. (U. S. Dept. Agr ) 
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quires the plumage characteristic of the capon, the ovariotomized 
female being called a poulard When a bilateral ovanotomy is per- 
formed before the assumption of adult female plumage, the poulard 
develops typical juvenile male plumage, which is subsequently replaced 
by adult male plumage The type of plumage developed after simstral 
ovanotomy, the removal of the left ovary but not the rudimentary 
right gonad, varies considerably, depending upon the age at which the 
female is operated upon Smistrally ovariotomized females that have 
acquired male-type plumage may later acquire female-type plumage, 
because of the influence of secretions elaborated by the enlarged rudi- 
mentary right gonad 

When the ovary of a hen is transplanted into a capon, the capon-type 
plumage reverts to the female type, although Domm (1939) points out 
that such feminized capons ultimately revert more or less completely to 
the capon type of plumage 

Bilaterally ovariotomized females into which have been transplanted 
testicular grafts retained the male type of plumage characteristic of the 
typical poulard 

The results of these expenments demonstrate that the testicular 
hormone does not modify the male or female plumage of cock-feathered 
breeds and that the female hormone elaborated by the ovary suppresses 
male plumage It has also been shown that, when an adult female is 
smistrally ovariotomized, she acquires male-type plumage, which sub- 
sequently reverts to female-type plumage as a result of a female hor- 
mone elaborated by the hypertrophied rudimentary right gonad 


PROBLEMS 

1 Of what significance, in selection and breeding programs is the fact that there 
IS considerable variation \\ith respect to most characters which chickens possess? 

2 How could you determine whether the variability of a character is due pn 
manly to genetic or environmental influences^ 

3 How IS It that individuals that look veiy much alike sometimes give quite 
different results m breeding? 

4 What IS the significance of the segregation and independent assortment of the 
genes m inheritance^ 

5 Define each of the following terms and give an illustration of the proper use 

of each term gene, gamete, zygote genotype phenotype, hemizygo^ homozjgous, 
heterozygous allelomorph, modifying genes, epistatic genes, lethal genes, crypto- 
more , , 

6 How could you determine whether new characters are mutations or the result 
of segregation and recombination of genes following certain matings? 

7 -What practical use can be made of sex linked inheritance 

8 Give three examples of sex dimorphism in chickens other than with respect 
to plumage pattern 
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4 • Color Characters 


Color characters are among the most conspicuous of all the charac- 
ters that domestic fowls possess Plumage color characters constitute 
the basis for differentiating the varieties of a breed Color characters 
include skin color, earlobe color, shank color, down color of chicks, adult 
plumage color, and egg-shell color, a discussion of the last character 
being reserved for the chapter “Egg Characters ” 

Since most poultry breeders are not interested in the breeding of the 
numerous parti-colored breeds and varieties with their great array of 
color patterns, a review of investigations on plumage color inheritance 
must be brief in a book of this kind Moreover, comparatively little is 
knoivn concerning the inheritance of the more complicated plumage 
patterns in the laced and penciled varieties and other varieties in which 
three or more colors make up the plumage pattern In addition, recent 
research on the influence of hormones on feather pigmentation indicates 
quite clearly that much more attention must be given to the physiology 
of feather pigmentation before marked advances can be expected m 
determining the genetics of some plumage patterns 

For a clear understanding of the various factors invohed in plumage 
pigmentation and plumage patterns, it is necessary to have some under- 
standing of feather growth and structure and how feathers become 
pigmented 


FEATHER DEVELOPMENT AND PLUMAGE PIGMENTATION 

Each feather begins its growth in a follicle, a depression in the skin 
of the embryo These follicles develop before hatching time and give 
rise to chick down Later, as the true feather arises from the follicle, 
the down IS pushed out by the growing feather Each feather has its 
origin in a feather germ at the base of the follicle All growth o the 
feather takes place in its basal portion This causes successn e sections 
to be pushed upward and outward so that in a few dajs he dc'cloping 
feather germ is visible above the skin This is the pinfeather stage, the 
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Feather Pigmentation 85 

other breed after 75 hours of incubation The skin of Rhode Island 
Red embryos grafted onto White Leghorn embryos developed red down 
The skin of embryos having black down grafted onto White Leghorn 



lio 31 A diagrammatic drawing of a body feather from a Leghorn hen A, shows 

the complete feather, B, a new feather, C, a detailed enlargement of the barbs and 
barbules (6) of the web, D, the jointed barb of the fluir The numerals refer to the 
following parts 1, quill, 2, shaft, 3 accessory plume 4, flulf, 5 web 0, enlarged 
barbules connecting barbs, 7, a new feather with soft quill 8 barbs 0 anterior 
barbule, 10, barb.cels (booklets, hamuli), 11, posterior barbule 12 barbicel, on 
median side, 13, jointed barbule, 14, spikelets (From /nternolionaf Poullry Gu.dr. 
bj Pajne and Aserj, courtesy of International Dabj Chick Association ) 


embo OS det eloped black dow n The skm of lute LcRhom cm bn as 
failed to detelop white down when grafted onto embnas hating bl ick 
down or onto Rhode Island Red cmbrias The results show that, when 
skm ectoderm from p.gmcntetl breeds is graftctl onto impigmrnte, 
hosts black or red pigment detclops in acconlancc with the color of 
the donor cmhno (If the donor n less than CO hours of age at grafting 
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Symbols for Color Genes 89 

S}inbol for ^^cnus, the sj^nbol repicsents the miiror of the goddess 
The use of these signs m matings and in certain tables and figures saves 
space and is a matter of convenience to readers 

Sj mbols for Color Genes. In the follow mg pages, symbols are used 
to designate the various genes that have been determined to be re- 
sponsible for the inheritance of certain characters These symbols are 
purely arbitrary and are subject to change as more knowledge is gamed 
concerning the inheritance of characters whose genetics have not pre- 
\ lously been determined 



Fiq 33 Left to right, sex linked barring in BarrM Plymouth Rock autosomal bar 
nng in Silver Canlpine barring in Silver Penciled Hamburg black spang mg in 
Silvei Spangled Surg nhite tipping in Mottled Ancona white spangling in 
Speckled Sussex 

With a view toward giving the reader a better understanding of the 
subsequent discussion on the inheritance of plumage colors 
patteSiB, a brief discussion is presented here concerning ^P^bols used 
for genes responsible for the absence or presence of color and for d.f- 

fement kinds of feather patterns 'rirra Whito T ao- 

Birds with solid white plumage are of two kinds The Whde Leg- 
horn’s plumage is due to an autosomal dominant g^^ ^at prevents or 
inhibits other genes from expressing their effects hen™ 

The white plumage of other white vanties is due to “ 
sivo gene c, lack of color, and rcce^.ve "hde var et es a'™ e-O ^ 
Solid black plumage is due to the presence of C, for color “n 
somal gene E, which extends black pigment to all parts of the plumage, 

and, of course, all blacks carrj i ^ i cr nf hhek- 

In r.g 33 are shown six 

and-white patterns Within the feather orK dicrus^^ed m the 

Barred Plymouth Rock is due to se^-lmked B, alread^ d.^eus^^cd 
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Dominant White 


91 


The genes causing crescentnc penciling m the feathers of Dark Cornish 
females and in the females of Silver-Penciled and Partridge (golden^ 
penciled) vaneties have not been determined 
Columbian plumage, as shown in Pig 39, is due to the combined 
effects of e and the sex-linked gene S for silver, the result being a bird 
with white plumage except for black in the neck, wing, and tail feathers, 
with some exceptions (see Pig 39, Black-Tailed Japanese Bantams and 
Lakenfelders) 


PLUMAGE COLORS AND PATTERNS 

In Chapter 1 it was pointed out that the self-colored or solid-colored 
breeds and vaneties are those with white, black, or blue plumage, the 
blue having various shades in certain sections It was also pointed out 
that apparently all other breeds and \arieties have parti-colored plum- 
age, with a wide variety of plumage patterns The discussion in this 
chapter deals with the results of research on the genetics of plumage 
colors and patterns 

Dominant \^Tiitc. Bateson (1902) demonstrated that the AVhite 
Leghorn is white because of the presence of a gene that prevents the 
production of melanic pigment This fact was confirmed later by 
several other workers, some of whom showed that the White Leghorn 
also has genes for color and barring These genes arc not able to c%- 
press their effects because of the presence of the inhibiting gene, the 
Ssv wh.rs'b J JlhodnXslond Wiuies jh'^v narj:> tliu? anluhiJiirg' 
gene, since their ancestry traces back to Rose Comb White Lcglioms, 
^^^utc Wj andottes, and Partridge Cochins Some Pit Games arc also 
said to carry I Some strains of White Minorcas, White Wj andottes, 
and White Plj mouth Rocks haie been known to carrj A the gene 
haMng been introduced b} crossing birds of these \anctics with White 
Leghorns 

That the dominant inhibiting gene is not alua>s complctcI> dom- 
inant to black has been shown bj cro'seing White legliorns witli lilack 
\anetios At hatching time a few of the chicks mn\ ha\c a few bhek 
flecks, and as adults thc«c birds ma> In\ea little bhek m their plumage 
'I ho results of crossing Wnlc leghorns with Rhode Island Re<l« Par- 
tridge Plj mouth Rocks, and Buff Minorcas Iia\c ‘■hown tli it I is incom 
plctolv dominant to r«l ami buff Most adult males Ind red or buff 
shoulders and some rc<I or buff over tlie back, and most I j nilult h'- 
malts vnnetl from having a naldtsh or buffi’-h cist on the undtrside of 
the throat and over the bn tst to being nlrnast completclv rctl or 
buff 
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PLUMAGE COLORS AND PATTERNS 
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haxing been introduced bj crossing birds of these \anctics with White 
Leghorns 

That the dominant inhibiting gene is not alua>s complctcI> dom- 
inant to black has been shown bj cro'semg White legliorns with black 
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Quinn (1936), hoiiever, secured white progeny only from matings of 
White Silkies X White Rose-Comb Bantams, White Silkies X ^Vhlte 
Wyandottes, and White Rose-Comb Bantams X White Wyandottes 
These results suggested that Quinn’s White Silkies and Rose-Comb 
White Bantams uere recessive for the same gene Quinn and Godfrey 
(1937) mated White Silkies uith colored birds and secured an F 2 gen- 
eration of 1748 colored and 606 iihite chicks, the ratio of colored to 
uhite being about 3 1 Backcross matings of White Silkies and Fi 

colored birds produced 715 colored and 717 white chicks, almost exactly 
a 1 1 ratio The Fg generation secured from an original mating of 
White Rose Comb Bantams with colored birds consisted of 91 colored 
and 35 white chicks, approximately a 3 1 ratio Backcross matings 
of White Rose-Comb Bantams and Fi colored birds produced 67 colored 
and 65 uhite chicks, almost exactly a 1 1 ratio These results confirm 

those secured by Quinn indicating that their White Silkies and Rose- 
Comb White Bantams uere recessive for the same gene, and Quinn and 
Godfrey’s results also showed that White Wyandottes were recessive 
for the same gene As an alternative to the Bateson and Punnett 
(1908) chromogen-oxidase theory, Kimball (1950) suggested that the 
results they secured were due to a pair of autosomal genes, the recessive 
allele of either gene m a homozygous condition being responsible for 
recessive w lute plumage Dominant-w hite plumage results from a block- 
ade of the color transfer mechanism 

Since birds with the recessive-white plumage carry c, indicating lack 
of color, any other genes affecting plumage pattern that they may carrj 
cannot be expressed The results of numerous experiments have shown 
tint recessive w lutes may carry genes for gold, silv er, sex-lmked barring 
and numerous other genes These genes are cryptomcres because they 
cannot produce their effects m the absence of the gene for color 

Crossing Rcccssnc and Dominant Ttlnlcs. liatc^-on and Punnett 
(1908), from an original mating of A\niite Wjandottes X Wiite leg 
horns, and Iladlej (1914), from an original mating of White Plv mouth 
Rocks X White Leghorns, secured To generations consisting of white 
and colored birds in the ratio of 13 3 How this ratio is obtained is 
shown m Fig 35, where the inhibiting gene, I, and the gene for color 
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Dovm Color The do^n color of the chicks of all black breeds and 
vaneties is black, except that there is usually a \anable amount of 
■v\hite or gray on the \entral surface 
How Blacl Behaves in Inheritance Black is recessive to the white of 
the "WTiite Leghorns but dominant to white m all recessive white breeds 
and vaneties 

In a cross between Black Langshans and Brown Leghorns made bj 
Punnett and Bailey, it is reported by Punnett (1923) that the Fi chicks 
were black and that as adults the pullets were full black, whereas the 
cockerels were black with some gold in the hackles and on the shoulders 
“In the F 2 progenj the black and the brown stnped downs segregated 
cleanly, giving a simple 3 1 ratio " Punnett adds that the results of 

this cross suggest that brown is differentiated from black bj a single 
gene and that there are vanous forms of brown which can be trans- 
formed into black b> the addition of this gene 
In black breeds and vaneties, the raelanic pigment is distnbuted 
evenly to all parts of the plumage From crosses between Black Orping- 
tons and Light Brahmas, which have black restncted to the neck, wings, 
and tail, Dunn (1922a, 1923) has suggested that black breeds and vane- 
ties contain a pair of genes, designated EE, for the extension of the 
black or melanic pigment WTien blacks are mated with recessive 
whites, the Fi progeny, Ee, are black 
Occasionally the inhentance of black cannot be interpreted on a 
monohybnd basis, a case m point being a cross reported bj Punnett 
(1923) betn een Black Langshans and GoWen-Fencdcd Hawburgs The 
Fj chicks were all black, and as adults the females were solid black and 
the males were black with some gold in the hackles The F 2 progenj 
consisted of 113 blacks and 80 nonblacks, which is verj clo'^e to a 9 7 
ratio (108 56 84 42) This suggests the inhentance of black m this 
particular cross on a dihybnd instead of a monohjbnd basis More- 
over, Fi birds backcrossed to Golden-Penciled Hamburgs produced 29 
blacks and 92 nonblacks, expectation being one-fourth blacks m the 
total progeny or a proportion of 30 25 blacks to 90 75 nonblacks It is 
quite evident, therefore, that the Golden Penciled Hamburg apparent^ 
has two genes affecting the extension of black pigment 

Hormones for Testing Genotypes When certain cros«es are made the 
Fi results secured have seemed to indicate that ^ex-linked inhentance 
was involved, whereas when adequate tests have been applied such has 
been found not to be the case Quinn and Burrows (1935) crowed a 
Black Sumatra male with a White Wvandotte female and observed that 
the Fi progenj at hatching time were all bhek but that at about 4 
months of age the Fi males licgan to show gold and silver in the hackle 
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recessive whites produce equal numbers of blue and black progeny 
The same results are obtained uhen Blue Andalusians are mated to 
birds iMth black plumage Using the symbol Bl bl for blue, Bl Bl for 
blue-splashed white, and bl bl for black, the results indicated for the 
following matings should be quite clear 


Andalusian Matings 
Blue X Blue Bl bl X Bl bl 
Blue X Bl Sp Bl bl X Bl Bl 
Blue X Black Bl bl X bl bl 

Crosses 

Bl And XRec "Wh Bl bl CC X bl bl cc 
Bl And X Blacks Bl bl CC X bl bl CC 


Progeny 

BI^p 

White Blue Black 

\BIBI 2 Bl bl 1 bl bl 

IBIBI 1 Bl bl 

1 Blbl 1 hi hi 


1 Bl bl Cc 1 bl bl Cc 

1 Bl bl CC 1 hi hi CC 


It IS interesting to note that the gene Bl has a cumulative effect, m a 
heterozygous state, pigmentation is partially restricted, vhereas, in a 
homozygous state, pigmentation is almost completely restricted 
True-Breeding Blue. Munro (1946) secured true-breeding blue 
chicks in the r 2 generation of an original mating bet^veen a black variety 
X White Leghorn He concluded that this new type of blue plumage is 
determined by a sex-lmked gene that is either an allele of the sex linked 
gene for barring or closely linked to it In their adult plumage females 
and males heterozygous for the gene are blue barred Males homozygous 
for the gene are practically pure white 
Mottling. The Ancona and Mottled Houdan have black plumage, 
except that about every third or fifth feather is tipped with white 
Dovm Color The down color of Ancona chicks is black on the dorsal 
surface and creamy yellow shading to white on the lower part of the 
head, the breast, and ventral surface The dowm color of the Mottled 
Houdan chicks is black on the dorsal surface and on the sides of the 
body, including the outer thighs, whereas the crest, throat, breast, and 
fluff are lemon yellow 

Inheniance of Moiiling Asmundson and Miinc (1930) made crosses 
between Mottled Anconas and each of the following colored varieties 
Black Minorcas, Black Orpingtons, and Buff Wjandottes The crosses 
between I^Iottled Anconas and Black Minorcas and Black Orpingtons 
produced Ti birds that were entirclj black and To birds consisting of 
4o black and 14 mottled ones, the expected ratio on a monohjlind ba«is 
being 41 23 blacks to 14 75 mottled ones The results of the Fj and 
various backcross matings indicate that mottling is rccc'^sivc to self- 
color on a monohvbnd basis 
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“Red.” With the possible exception of the Red Leghorn, there is no 
solid red breed or variety of chicken Trom the standpoint of inherit- 
ance studies on plumage patterns, geneticists consider Rhode Island 
Reds, Ne^ Hampshires, Red Sussex, and Black-Tailed Red Leghorns 
as “red” \aneties The color is red except for black m the umgs and 
tails of both sexes and m the hackle of the males and frequently in the 
neck feathers of the females 

Warren and Gordon (1933) observed that the density of red in Rhode 
Island Reds is due to multiple genes, which is to be expected in view of 
the great variability that normally exists in shades m most Rhode 
Island Red flocks Hays (1935) crossed exhibition strains of Rhode 
Island Reds, with relatively dark red plumage, with production-bred 
strains of the same breed, with relatively light red plumage, and ob- 
served that the red plumage of the progeny was of intermediate density, 
the progeny of the dark red dams being much darker than the progeny 
of the light red dams Judging by the results secured by Hays, White 
and Sanborn (1948) with an exhibition strain of Rhode Island Reds, 
cumulative genes determine the degree of density of red 

Identification of Sex at Hatching Time The down color of the chicks 
of these “red” breeds and varieties vanes considerably m the shade of 
red The lightest chicks are cream-colored, with perhaps but a tinge 
of red, whereas the darkest chicks are a chocolate brown Frequently 
the ventral surface is of a lighter shade of red than the dorsal surface, 
and occasionally dark striping is present 

Byeriy and Quinn (1936) made the interesting observation that the 
sex of Rhode Island Red chicks can be distinguished at hatching time 
with a reasonable degree of accuracy by an examination of the down 
color Quinn and Byerly (1937) confirmed their original observation 
with other strains of Rhode Island Red chicks and found that it also 
applied to New Hampshire chicks Female chicks for the most part 
had either a black spot at the base of the head or black striping on the 
head and along the back, or both, whereas male chicks were for the 
most part free of both spotting and stnping Similar observations were 
made by Hays (1940) This method of “sexing ' chicks is probably not 
sufficiently accurate, however, for poultry breeders or hatchery opera- 
tors to use for the purpose of selling males and females separately 

Hays and Klein (1943) desenbed an improved method of sex identifi- 
cation m Rhode Island Red chicks at hatching time The chicks are 
held with both wings outstretched, and differences are noted in the 
areas and degree of pigmentation of the dorsal surface and it is deter- 
mined whether or not there are black spots on the head Jaap (1940) 
gave the following brief statement of the method 
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salmon-colored breast feathers of the Light Browm Leghorn female to 
turn black (see Fig. 37). 

Greenwood and Blyth (1929) observed that hyperthyroidism in the 
Brown Leghorn male gives rise to an increase in the melanic pigment 
in the feathers while the red pigment tends to disappear. In the female, 
the effects of hyperthyroidism are slight. It was further sho^ra that 
when the thyroid was removed there was a diminution in the amount 
of melanic pigment formed and a coincident increase in the amount of 
red pigment. 

The effects of thiouracil, which inhibits the secretory activity of the 
thyroid, on pigmentation of the plumage of young Brown Leghorn 
chickens were studied by Juhn (1940). She found that males tended 
to assume a reddish color. In females, the feathers on the ventral sur- 
face of the body largely retained their normal coloration but the feathers 
on the dorsal surface became greatly elongated and reddish in color. 
Juhn (1944) showed that thiouracil administration to Brown Leghorn 
capons caused the normal black feathers to be replaced by red feathers, 
which wgre elongated and had reduced barbulation. 

Cream. Taylor (1932a) crossed Black Minorcas X Silver-Spangled 
Hamburgs and secured a male with typically gold-colored plumage 
except that his hackle, saddle, and wing-flight featliers were depig- 
mented. This male mated to related gold-colored females produced 
cream-colored and gold-colored daughters. The following results were 
secured from three types of matings: 

Heterozygous gold X heterozygous gold produced three golds to 
one cream. Heterozygous gold X cream produced equal numbers of 
gold and cream. Cream X cream produced cream-colored progeny 
only. 

It A\as concluded that the gene for cream is an autosomal dilutcr of 
gold. 

Punnett (1948) mated a Buff J.egIjom male X crcam-colorod females 
and secured light gold-colored offspring only An F 2 generation nas 
f'ceured consisting of 113 golds and 45 creams, approximately three 
golds to one cream. Some Fj males and females vifh the least amount 
of melanic pigment ^\crc mated together and prwluml an I'a genera- 
tion of crcam-colorcd birds ^%ith one exception. mating of a Bro\\n 
I^eglioni male X cream-colored females produced gold-coloreil progeny 
'\ith nonde-script melanic markings that '\ere more pronoiinrtsl in 
females than in males. Fj males and females mat(sl among thcm‘el\e^ 
prfMlucetl an Fn progeny consisting of 172 gohL and .sT ere.ims, approx- 
imately 3 : 1. 'subsequent matings 1«1 to the e^tablidiment of a strain 
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secured consisting of 113 golds and 45 creams, approximately three 
golds to one cream. Some Fj males and females with the least amount 
of melanic pigment were mated together and prwlneisl an I 3 genera- 
tion of crcam-colorcd birds with one exception. mating of a Hro\\n 
l^eglioni male X cream-colorc<! females produced gold-coloreil progeny 
with noncle-script melanic markings that wore more pronounctsi in 
females than in male.s. Fj males and female- malts! among thcm-ebi- 
prtMlucfsI an Fn progeny consisting of 1*2 gold- and .sT ere.ims, approx- 
imately 3 : 1 . 'subsequent matings lo<l to the establishment of a -tram 
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Punnett (1923) reported the results of crosses betneen vanous black 
varieties and Buff Cochins, Broun Leghorns, and Golden-Penciled 
Hamburgs In every cross the adult plumage of the Fi females uas 
solid black and the adult plumage of the Fi males uas black with gold 
m the hackles and sometimes on the shoulders 

Dunn (1923) concluded that buff differs from black by a gene deter- 
mining the restnction of black to the hackle, wings, and tail As pointed 
out under the discussion of the inheritance of black, solid black is due 
to the extension gene E The buff pattern is due to gene e, uhich in a 
homozygous condition restricts black to the neck, tail, and wing feathers 
Knox (1927) concluded that two pairs of genes with cumulative 
effects differentiate buff plumage from solid-black plumage The 
results that Knox secured in his F 2 and backcross generations led him 
to make the following assumptions Buff is epistatic to black when three 
or four genes for buff are in the presence of CC and EE, buff is epistatic 
to black when three or tour genes for buff are in the presence of either 
Cc and EE or CC and Ee, buff is epistatic to black when two or more 
genes for buff are in the presence of Cc and Ee 
Spangling. Spanglmg is found in Silver-Spanglcd and Golden- 
Spangled Hamburgs, in which the spangle at the tips of the feathers is 
black, and in Speckled Sussex, Old English Spangled Games, and Millo 
Flour bantams, in which the spangle at the tips of the feathers is white 
So far as is known, no research has been conducted on the inheritance 
of white spangling in the latter three breeds mentioned The inherit- 
ance of black spangling in the Hamburgs has been reported upon bj 
Punnett (1923), Lefevre and Rucker (1923), and Taylor {19321i, 1933) 
Although Leferrc and Rucker concluded that black spangling was 'e\- 
hnked, this theory was disprorcd by Taylor, who concluded, from the 
results secured by crossing Black Minorcas and SiK cr-Spanglcd Ham- 
burgs, that spangling is due to a dominant autosomal gene, Sp 

It IS interesting to note that Juhn and Hess (1947) obsened spangled 
breast feathers in the adult plumage of a male secured from the matings 
listed below, the original matings consisting of Barred Plymouth Rock 
males X New Hampshire females 
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Punnett (1923) reported the results of crosses between various black 
varieties and Buff Cochins, Brown Leghorns, and Golden-Penciled 
Hamburgs In eve^ cross the adult plumage of the Fi females was 
solid black and the adult plumage of the Fi males was black with gold 
in the hackles and sometimes on the shoulders 
Dunn (1923) concluded that buff differs from black by a gene deter- 
mining the restnction of black to the hackle, wings, and tail As pointed 
out under the discussion of the mhentance of black, solid black is due 
to the extension gene E The buff pattern is due to gene e, which m a 
homozygous condition restricts black to the neck, tail, and wing feathers 
Knox (1927) concluded that two pairs of genes with cumulative 
effects differentiate buff plumage from solid-black plumage The 
results that Knox secured in his F 2 and backcross generations led him 
to make the following assumptions Buff is epistatic to black when three 
or four genes for buff are m the presence of CC and EE, buff is epistatic 
to black when three or four genes for buff are m the presence of either 
Cc and EE or CC and Ee, buff is epistatic to black when two or more 
genes for buff are in the presence of Cc and Ee 
Spangling. Spangling is found m Silver-Spangled and Golden- 
Spangled Hamburgs, in which the spangle at the tips of the feathers is 
black, and in Speckled Sussex, Old English Spangled Games, and Mille 
rieur bantams, m which the spangle at the tips of the feathers is white 
So far as is Imown, no research has been conducted on the inheritance 
of white spangling in the latter three breeds mentioned The inherit- 
ance of black spangling m the Hamburgs has been reported upon by 
Punnett (1923), Lefevre and Rucker (1923), and Taylor (19326, 1933) 
Although Lefevre and Rucker concluded that black spangling was sex- 
Imked, this theory was disproved by Taylor, who concluded, from the 
results secured by crossing Black Minorcas and Silver-Spangled Ham- 
burgs, that spangling is due to a dominant autosomal gene, Sp 
It IS interesting to note that Juhn and Hess (1947) observed spangled 
breast feathers in the adult plumage of a male secured from the matings 
listed below, the original matings consisting of Barred Plymouth Rock 
males X New Hampshire females 
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from the rest of the feather In Fig 34 are sho\\ n the penciled feathers 
of a Dark Cornish female, Partridge Cochin female, and Silver-Penciled 
Plymouth Rock female The tail feathers of penciled females are black 
None of the feathers of the males of any of the penciled varieties is pen- 
ciled, as sho^\ n in Fig 6 Up to the present, practically nothing is known 
concerning the genetics of penciling 

Autosomal Barring. Among the Campmes, an interesting situa- 
tion exists regarding three different kinds of barring The Silver variety 
has black and vhite bars, the Golden variety black and golden-bay 
bars, and the Chamois variety -white and golden-bay bars 

Since the plumage of the Silver variety is dominant to that of the 
Golden variety, Punnett (1923) pointed out that the white bars of the 
Silver vanety are due to the action of a gene which inhibits the develop 
ment of golden bay Punnett further pointed out that the plumage of 
the Chamois is dominant to the plumage of the Golden variety, the 
difference between white and golden-bay bars and black and golden- 
bay bars being due to a single gene, ab, suggested by Hutt (1949) 

It is apparent, then, that the golden-bay bars of the Chamois vanety 
correspond to the golden-bay bars of the Golden vanety, and that the 
Chamois variety contains a gene which inhibits the development of 
the melanic pigment contained in the black bars of the Golden vanety 
Therefore, a cross between the Silver and Chamois varieties should 
produce white birds, which Punnett found to be the case 

It is interesting to observe that the neck feathers, except those in 
front, of Sliver Campmes and Golden Campmes are free of barring, 
indicating the presence of a modifying gene involved in the distribution 
of black 

Nickerson (19466) showed that castration of Silver Campine males 
at about 2 months of age resulted in the deposition of red pigment m 
the regenerating feathers It was further found that injection of ade- 
quate doses of either male or female sex hormone into the capons brought 


about a return of black pigmentation 

Autosomal barring also occurs in Golden-Pencilecl and Silver-Pencdtd 
Hamburgs (see Fig 4) In the females of these tuo vanet.es so-called 
penciling consists of narron parallel bars of greenish black across most 
feathers over the bod. In the males of those tno carietics black is 
restricted to the nmgs, tad, and a fen of the bod, and fluff feathers 
barring occurnng m some of the nmg and bodj and fluff feathers 
Penciled Hamburgs, therefore, present an unusual situation, since the 
females appear to carr, E, nhercas the males appear to carr> cc, perhaps 


w ith modifiers 

Columlnan. The DcKwircs breed and tlic^c 
"Columbian” pattern of plumage Columbian 


fi\c \nriotics lm\o the 
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of a Dark Cornish female, Partridge Cochin female, and Silver-Penciled 
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None of the feathers of the males of any of the penciled varieties is pen- 
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ment of golden bay Punnett further pointed out that the plumage of 
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Chamois variety contains a gene which inhibits the development of 
the melanic pigment contained in the black bars of the Golden vanety 
Therefore, a cross between the Silver and Chamois varieties should 
produce white birds, which Punnett found to be the case 

It is interesting to observe that the neck feathers, except those in 
front, of Silver Campmes and Golden Campmes are free of barring, 
indicating the presence of a modifying gene involved in the distribution 
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Nickerson (19466) showed that castration of Silver Campine males 
at about 2 months of age resulted in the deposition of red pigment m 
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from the rest of the feather In Fig 34 are show n the penciled feathers 
of a Dark Cornish female, Partridge Cochin female, and Silver-Penciled 
Plymouth Rock female The tail feathers of penciled females are black 
None of the feathers of the males of any of the penciled varieties is pen- 
ciled, as showTi m Fig 6 Up to the present, practically nothing is knowm 
concerning the genetics of penciling 
Autosomal Barring. Among the Campines, an interestmg situa- 
tion exists regarding three different kinds of barring The Silver variety 
has black and white bars, the Golden variety black and golden-bay 
bars, and the Chamois vanety white and golden-bay bars 

Since the plumage of the Silver variety is dominant to that of the 
Golden variety, Punnett (1923) pointed out that the white bars of the 
Silver vanety are due to the action of a gene which inhibits the develop- 
ment of golden bay Punnett further pointed out that the plumage of 
the Chamois is dominant to the plumage of the Golden vanety, the 
difference between white and golden-bay bars and black and golden- 
bay bars being due to a single gene, ab, suggested by Hutt (1949) 

It is apparent, then, that the golden-bay bars of the Chamois vanety 
correspond to the golden-bay bars of the Golden vanety, and that the 
Chamois vanety contains a gene which inhibits the development of 
the melamc pigment contained in the black bars of the Golden vanety 
Therefore, a cross between the Silver and Chamois varieties should 
produce white birds, which Punnett found to be the case 
It IS interesting to observe that the neck feathers, except those m 
front, of Sliver Campines and Golden Campines are free of barring, 
indicating the presence of a modifying gene involved in the distribution 
of black 

Nickerson (1946b) showed that castration of Silver Campme males 
at about 2 months of age resulted in the deposition of red pigment in 
the regenerating feathers It was further found that injection of ade- 
quate doses of either male or female sex hormone into the capons brought 


about a return of black pigmentation 

Autosomal barnng also occurs m Golden-Pencilcd and Silver-Penciled 
Hamburgs (see Fig 4) In the females of these tno varieties, so-called 
penciling consists of narrow parallel bars of greenish black across most 
feathers over the bod. In the males of these two varieties black is 
restncted to the wings, tail, and a few of the bod, “"d find feathers 
barring occurring in some of the wing and bo y an u ea leis 
Penciled Hamburgs, therefore, present an unusual situation, since the 
fem'iles appear to carry E, whereas the males appear to carr, ce, perhaps 

"ith modifiers „ . t .i 

Cohinibian. The Dolaw ares breed and these fiv e v aneties hav e the 
“Columbian” pattern of plumage Columbian Leghorns, Columbian 
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It is apparent, then, that the golden-bay bars of the Chamois vanety 
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front, of Sliver Campines and Golden Campines are free of barring, 
indicating the presence of a modifying gene involved m the distribution 
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Nickerson (1946b) showed that castration of Silver Campme males 
at about 2 months of age resulted in the deposition of red pigment in 
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about a return of black pigmentation 
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penciling consists of narrow parallel bars of greenish black across most 
feathers over the bod. In the males of these two varieties black is 
restncted to the wings, tail, and a few of the bod, flub feathers 
barring occurring m some of the wing and body and fluff feathcis 
Penciled Hamburgs, therefore, present an unusual situation, since the 
females appear to carry E, whereas the males appear to carr, ce, perhaps 

"ith modifiers „ . t .1 

Columbian. The Dolaw ares breed and tlicsc flr o r aneties bar e the 
“Columbian” pattern of plumage Columbian Leghorns, Cohimbnn 



Sex^Linked **Silver' 


109 


PljTnouth Rocks, Columbian Wyandottes, Light Brahmas, and Light 
Sussex The plumage in both sexes is white, except that the neck 
feathers of the female, the hackle feathers of the male, and the wings 
and tail of both sexes contain black The neck and hackle feathers, 
the tail coverts of the female, and the saddle and sickle coverts of the 
male are black laced with white In addition, m the Light Brahma 
the feathers on the shanks and toes are black laced with white The 
Delawares breed has Columbian plumage pattern with white barring 
in the feathers showing black The Black-Tailed Japanese Bantam 
has a modified Columbian plumage pattern, inasmuch as there is black 
in the large wing feathers and the tail feathers but the neck feathers are 
white In Lakenfelders, how ever, the neck, tail, and large wing feathers 
m both sexes are solid black, and the male saddle and sickle feathers 
are also solid black 

Sturtevant (1912) and Dunn (1923) observed that the Columbian 
pattern of the Light Brahma and other columbian-colored varieties is 
due to the presence of the dominant sex-linked gene S, for “silver,” 
and a non-sex-linked gene e, which restricts the black to the neck, wings, 
and tail Light Brahma and similar males, being homozygous for 
silver, transmit it to their daughters and sons, whereas Light Brahma 
and other columbian-coIored females, being heterozygous for silver, 
transmit it to their sons only In addition, Dunn has suggested that 
there are multiple genes determining the amount of black pigment 
developed in the feathers of the neck, wings, and tail (see Tig 39) 

A mating of a New Hampshire male X females with Columbian 
plumage pattern produces Fi male progeny with Columbian plumage 
pattern and Fi females that are mostly buff (gold) to red in color, as 
shown herewith 

New Hampshire X Columbian 
Pi zygotes eess 

Pi gametes es eSande- 

Fi zygotes eeSs 

Columbian males buff or red females 


New Hampshires, Rhode Island Reds, and all buff vaneties cany cc 

but of course lack the gene for silver , , , i r 

Se\-Linbcd “Silver.” The terms silver and gold arc used nith ref- 
erence to tno vell-knonn ground colors of the down of chicks of several 
different breeds and varieties With respect to adult plumage, Silver- 
Penciled Wyandottes and Partridge Plymouth Rocks (sec Pig 0) arc 
representative of the respectiv e color classes 

To the “silver” class belong the Silvcr-Laced and Silvcr-Pcnciled 
Wjandottes, Silver Camp.ncs, Silver-Penciled Pljanouth Rocks, Silver- 
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PljTnouth Rocks, Columbian Wyandotte, Light Brahmas, and Light 
Sussex The plumage in both sexes is white, except that the neck 
feathers of the female, the hackle feathers of the male, and the wings 
and tail of both sexes contain black The neck and hackle feathers, 
the tail coverts of the female, and the saddle and sickle coverts of the 
male are black laced with white In addition, m the Light Brahma 
the feathers on the shanks and toes are black laced with white The 
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in the feathers showing black The Black-Tailed Japanese Bantam 
has a modified Columbian plumage pattern, inasmuch as there is black 
in the large wing feathers and the tail feathers but the neck feathers are 
white In Lakenf elders, how ever, the neck, tail, and large wing feathers 
m both sexes are solid black, and the male saddle and sickle feathers 
are also solid black 

Sturtevant (1912) and Dunn (1923) observed that the Columbian 
pattern of the Light Brahma and other columbian-colored varieties is 
due to the presence of the dominant sex-linked gene S, for “silver,” 
and a non-sex-hnked gene e, which restricts the black to the neck, wings, 
and tail Light Brahma and similar males, being homozygous for 
silver, transmit it to their daughters and sons, whereas Light Brahma 
and other columbian-coIored females, being heterozygous for silver, 
transmit it to their sons only In addition, Dunn has suggested that 
there are multiple genes determining the amount of black pigment 
developed in the feathers of the neck, wings, and tail (see Tig 39) 

A mating of a New Hampshire male X females with Columbian 
plumage pattern produces Vi male progeny with Columbian plumage 
pattern and Fi females that are mostly buff (gold) to red in color, as 
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Se\-Linbcd “Silver.” The terms silver and gold arc used nith ref- 
erence to tno vell-knonn ground colors of the down of chicks of several 
different breeds and varieties With respect to adult plumage, Silver- 
Penciled Wyandottes and Partridge Plymouth Rocks (sec Pig 0) arc 
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(luce zygote cc Bb Ss, would be white at hatching time and would 

develop into an adult male with barred Columbian pattern 
Barred Columbian patterned females could be secured from a mating 
of an IJc Bb Ss male (from a mating of Barred Plymouth Rock male 
X New Hampshire female or the reciprocal mating) and an Ee B- S~ 
female The cBS gamete of male origin and the c — gamete of female 
origin would produce an ce B- S- z 3 gotc, uliich would develop into a 
female with barred Columbian pattern 
Aiiloscxing Breeds. The demand on the part of many market-egg 
producers for pullet chicks e\clusi\clj led to the de\clopment of several 
autosexing breeds In those breeds the sc\cs can be identified at hatch- 
ing time with a high degree of amiracj 
Apparently’ the first autosexing bleed was the Golden Cambar, de- 
veloped m England bj Punnett and Pease (1930) This breed was 
developed by crossing Golden Campincs and Barred Plymouth Rocks 
and for tw o or three successive generations backcrossing the barred 
cockerels to Golden Campinc fcm.dcs At hatching t me, Cambar males 
have pale “blotchy” down whereas Cambar females have down color 
characteristic of the Golden Campinc chicks 
Other autosexing breeds include Legbars de\ eloped by Punnett 
(1942) from an original cross between a Brown Leghorn male X Barred 
Plymouth Rock female, Oklabars by Jaap (1941) from matings involv- 
ing Rhode Island Reds, White Plymouth Rocks, and Dark Cornish, 
Ancobars by Lamoreux (1941) from crossing Anconas with Barred 
T'lymouth Rocks, Buffbars, Brussbars, and Dorbars by Pease (1941) 
from Buff Orpingtons, Brown Sussex, and Silver-Gray Dorkings respec- 
tively, crossed with Barred Plymouth Rocks, Silver Cambars and Cream 
Legbars described by Pease (1948), and Redbars described by Hill and 
Lloyd (1950) 

The future of autosexing breeds will undoubtedly depend largely 
upon the extent to which high laying ability becomes one of their out 
standing characteristics In England, autosexing breeds appear to e 


gaming m popularity . j f i i 

Loss of Pigmentation. Several cases have been reported of colored 
females’ turning completely or almost completely white ^ 

need be mentioned Lippmcott (1920) described a B ue Andalusian 
that gradually became completely white but produced normal blue- 
colored chicks when mated to a Blue Andalusian male Crew (1922; 
reported the case of a Black Leghorn that became 
Godbey and Reid (1931) stated that a Barred Plymouth Rock that had 
turned almost completely white produced colored chicks when ma 
to a ^Vhlte Plymouth Rock male 



Loss of Pigmentation 


113 
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Legbars described by Pease (1948), and Redbars described by Hill and 
Lloyd (1950) 

The future of autosexing breeds will undoubtedly depend largely 
upon the extent to which high laying ability becomes one of their out 
standing characteristics In England, autosexing breeds appear to e 
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brown, and black ms, melanin or black pigment is present, as well as 
the other tw o 

Warren and Gordon (1933) were not able to determine that varia- 
tions in ms color m Rhode Island Reds arc inherited Slinger and 
Macllraith (1044), from an examination of manj birds in se\eral differ- 
ent flocks of Barred PI3 mouth Rocks, obseiwcd a relationship between 
“grecn-graj’” ins and the number of solid-black feathers Apparently 
the condition was hercditarj' rather than pathological m nature 

Earlobe Color. Apparcntl3' all breeds ha\ mg w hite earlobes lay 
white-shelled eggs, and apparentl3 all breeds except four, having red 
earlobes la3' brown-shelled eggs The Araucana la\s a blue-shelled 
egg, and the Dorkings, Redcaps, and Cre\ecoeurs la3 white-shelled 
eggs Warren (1928) found that the inheritance of earlobe color is ver3 
complex, multiple genes being in\ohed Ha3S (1943) suggested that 
mottled earlobes in the strain of Rhode Island Reds he studied were 


due to two recessne autosomal genes 
Yellow Head. Among Barred Pl3''mouth Rock chickens a few weeks 
old, Deakin and Robertson (1935) obserxed some with yellow comb, 
face, and wattles Yellow lieads persisted m males until the approach 
of sexual maturity and then turned orange colored In females, the 
jellow faded out later than in males, and during egg laying the female 
heads became pale pinkish This 3elIow-head condition was found to 
be due to an autosomal recessive gene, to which Hutt (1949) assigned 
the symbol g . u 1 

Skin Color. Yellow skin is characteristic of most American breeds, 
'^hite 8km IS characteristic of several British and some other European 


breeds, and the Silkie has dark blue-colored skin 

The results of several crosses betneen varieties having yellow skin 
and varieties having white skin have been consistent in demonstrating 
that the gene for white skin is dominant to the gene for yellow skin 
Dunn (1925) demonstrated that the genes involved are autosomal and 

assigned the symbols ir for white skin and t» for jellows m 

not prevent the storage of carotinoid by birds having white skm, 
pigment being stored in the blood and body fat but not in ‘h^ki 
In vaneties that have black plumage and dark slate or Wa A ha'ife, 
as in Jersey Black Giants and Black Orpingtons it 
™lt to tell whether they are yellow-skinned or white ski 
■ng to the Amencan Standard of Perfection, ‘ Orningtons 

Jersey Black Giants are yellow, whereas those of ® ^ , 

are pinkish white The genes responsible for f 
Silkie hare not been determined The pigmen is i 
density throughout the connect, re tissue, penost of the bones. 
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simplest manner of presenting the matenal on shank color is the pre- 
ceding tabular form, adapted from Hutt (1949), with slight modifi- 
cations 

Since some White Plymouth Rocks have green shanks, as pointed 
out by Jaap (1943) and Jeffrey (1947), it is interesting to recall Jeffrey's 
suggestion concerning the difficulty of eliminating this undesirable 
character so long as the birds carry B and E 

Summary, At the conclusion of this chapter on skm and plumage 
color characters, it seems appropriate to present in Table 2 a list of the 
dominant and recessive characters 


TABLE 2 


Dominant and Recessive Color Characters 


Character 
White plumage 

White plumage 

Albinism 

Imperfect albinism 
Black plumage 
Blue plumage 
Cream plumage 
Bed plumage 
Buff plumage 
Mottled plumage 
Pled plumage 
Black spangling 
Barred plumage 
Barred plumage 
Silver plumage 
White skin 


Dominant or Recessive 

In W hite Leghorns more completely dominant 
to black than to red 

In White Minorcas W hite Plymouth Rocks, 
etc recessive to color 
Recessive to normal 
Recessive to normal 
Dominant to recessive white 
Due to heterozygous condition of color genes 
Dilutes gold 
Recessive to black 

Dominant to recessive white, recessive to black 
Recessive to black 
Recessive to black 
Dominant to solid color 

In Plymouth Rocks dominant to nonbarnng 
In Campines and Penciled Hamburgs 
Dominant to red buff etc 
Dominant to >enow skm 


Autosomal 
or Sex 
Linked 
Autosomal 

Autosomal 

Autosomal 
fecx linked 
Autosomal 
Vutosomal 
Autosomal 
Autosomal 
Autosomal 
Autosomal 
Autosomal 
Autosomal 
Sex linked 
Autosomal 
Sex linked 
Autosomal 


PROBLEMS 

I Draw an .llustrat.on ahowrng the etructanr of a feather and name the d.lTeren. 
'”''2 ^^'hat rs the source cf p.gment rn feathers and how do colored feathers arnu.re 

how a ratto of th.rteen whrte to th.^ -'-j;, '’.rr.' luno 
ft Bcneratton secured from an ongtnal naat.ns between White I^Bho 
"jandottes p|. n,„u||, liork frmile 

■* If a Khodo Island Red male IS crossed re^jioct to harnne 

”"'l one of the F. crossbred female, is mateil with her sirr. 1 
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Frizzled Plumage. The frizzled plumage character is peculiar to the 
breed known as Fnzzles, the feathers of i^hich curl upi\ards and for- 
wards because of the absence or modification of the booklets of each 
feather, a thickening of its barbules and barbs, and alterations in the 
direction of the barbules and barbs The plumage has the appearance 
of being rubbed the i\rong i\ay (see Fig 41) 

That the frizzled condition of plumage in the domestic foi\l has per- 
sisted for a long time is borne out by the fact that a frizzled fowl was 
descnbed by Aldrovandus (1600) From early tunes frizzled fowls 
have been reported in many parts of the world 

The genetics of the frizzled plumage character was studied by Crew 
(1925), Hutt (1930), and Landauer and Dunn (1930a), all of whom 
showed that the frizzled character was dominant over nonfnzzling 
Crew was led to believe that the fnzzled character acts as a lethal m a 
homozygous condition, but Hutt and Landauer and Dunn have shown 
this not to be the case 

In certain matings Hutt determined that he had secured two kinds 
of frizzled birds, one group with “ordinary” frizzling and one group 
with “extreme” frizzling Five females with ordinary fnzzling were 
mated to a White Leghorn male and produced 33 birds with ordmarj 
frizzling and 29 with normal plumage Five females with extreme friz- 
zling were mated to the same White Leghorn male and produced 48 
birds, all of them having ordinary fnzzling The five females with 
ordinary frizzling wore hetcrozjgous, and the five females with extreme 
frizzling were homozjgous, for the fnzzling character 

Landauer and Dunn (1930a) secured results that confirm the observa- 
tions of Hutt (1930), although the) made a distinction between what 
they call two types of heterozygous frizzling One type they call 
“exhibition type” heterozygous frizzling and the other “ordinary -ty pc ’ 
heterozygous frizzling, the difference between the two being due to the 
more conspicuous structural changes in the feathers of the cxhibition- 
type birds Landauer and Dunn observed that the exhibition tv pc of 
hetcrozvgous frizzling is the kind which private breeders exhibit at 
poultry fairs and that it “has been produecd b\ ‘^election and that it 
depends m its expression upon the prc'^cnce of otlicr gents bcsidt the 
gene for fnzzling ” 

The difference between frizzling and nonfnzzling duo to an auto- 
*•001 il gene, /’, fnzzling lioiiig intomplctdv domin int 1 he liomozv gou^ 
tvpe of frizzling is more extreme th m the hoterozvgou- t\(H* Iliitt 
(1032, imti) and I-indiuer (IW) hive rtporttsl tht ( \i Hint of a 
rtocvs)\( n,no vif, tbit rntMlifits fnzzhng this miKlilar ippiniitlv 
iKing width di-.tributo<I among \ inoiis briTtN Umls tint im homo- 



Frizzled Plumage 125 

Frizzled Plumage. The fnzzled plumage character is peculiar to the 
breed known as Fnzzles, the feathers of which curl up\\ards and for- 
wards because of the absence or modification of the booklets of each 
feather, a thickening of its barbules and barbs, and alterations in the 
direction of the barbules and barbs The plumage has the appearance 
of being rubbed the urong (see Fig 41) 

That the frizzled condition of plumage in the domestic fo^\l has per- 
sisted for a long time is borne out by the fact that a fnzzled fowl was 
descnbed by Aldrovandus (1600) From early times fnzzled fowls 
have been reported in many parts of the world 

The genetics of the fnzzled plumage character was studied by Crew 
(1925), Hutt (1930), and Landauer and Dunn (1930a), all of whom 
showed that the frizzled character was dominant over nonfnzzhng 
Crew was led to believe that the fnzzled character acts as a lethal m a 
homozygous condition, but Hutt and Landauer and Dunn have shown 
this not to be the case 

In certain matings Hutt determined that he had secured two kinds 
of frizzled birds, one group with “ordinary” frizzling and one group 
with “extreme” frizzling Five females with ordinary fnzzling were 
mated to a White Leghorn male and produced 33 birds with ordmarj 
frizzling and 29 with normal plumage Five females with extreme friz- 
zling were mated to the same White Leghorn male and produced 48 
birds, all of them having ordinary fnzzling The five females with 
ordinary frizzling wore heterozygous, and the five females with extreme 
frizzling were homozygous, for the fnzzling character 

Landauer and Dunn (1930a) secured results that confirm the observa- 
tions of Hutt (1930), although they made a distinction between what 
they call two types of heterozygous frizzling One type they call 
“exhibition type” heterozygous frizzling and the other “ordinary -ty pc ’ 
heterozygous frizzling, the clifTercnce between the two being due to the 
more conspicuous structural changes in the feathers of the cxhibition- 
type birds Landauer and Dunn observed that the exhibition tv pc of 
hetcrozvgous frizzling is the kind which private breeders exhibit at 
poultry fairs and that it “has Ijcen protluccd b\ ‘^election and that it 
depends m its expression upon (he prc'^cnce of other gents hcside the 
gene for fnzzling ” 

The difference between frizzling and nonfnzzhng duo to nn auto- 
‘•om il gene, /’, frizzling being ineomplcteh domin int 1 he liomozv gou^ 
tvpe of frizzling is more* extreme thm the helcrorvgou- t\(H* Iliitt 
(1032, imti) and I-iiuhuer (IW) hi\e rtportcsl tlit c \i Unc( of a 
rtecvs)\( n,no vif, tbit mfxlifuN fnzzling tins mtKlilu r jppinntb 
iKing wuUl\ di-.tnbute<I among \ inoiis hn*r<Is Umh tint an liorno- 



Flightlessness 


127 


zygous for frizzling and homozygous for the modifier lack the extreme 
curliness of the feathers which characterizes homozygous frizzles that 
do not have the modifier. Birds that are heterozygous for frizzling and 
homozygous for the modifier, although showing typical frizzled feather- 
ing in the definitive feather stage, resemble normal-plumaged birds 
as adults. 

Frayed Feathering. Warren (1938) reported on the inheritance of 
a variation in feather structure termed “fray,” a condition not recog- 
nizable at hatching time. In the wing and tail feathers of the adult, 
however, there is a defective condition of the barbules, resulting in an 
imperfect locking of the anterior and posterior barbules (see Fig. 41). 
The separated barbs give the frayed appearance of the vanes of the 
feathers. The condition is due to an autosomal recessive gene, desig- 
nated Jr. 

Flightlessness. A peculiar condition that causes the flight feathers 
of the wing and some of the other large feathers to break off, as show n 
in Fig. 41, when subjected to slight pressure has been described by 
Warren (1932). New feathers that follow the molt also break off as 
soon as they are sufficiently mature to become diy Only the base of 
the shaft and the quill of the flight feathers remain. Marlow and Cald- 
well (1934) have demonstrated certain chemical and structural differ- 
ences between "flightless” and normal feathers: Normal feathers con- 
tained 22.7 per cent more cystine sulfur but less than one-half as much 
phosphorus as “flightless” feathers, and X-ray analyses shoned the 
"flightless” feathers to be of abnormal structure. 

A heterozygous “flightless” male when crossed with normal females 
produced progeny one-half of which were flightless and one-half normal, 
indicating that "flightlessness” is due to an autosomal dominant gene, 
FI. 

Warren (1937a), on the basis of further matings of his "flightless” 
birds, obscived that in a homozygous condition the flightless gene gives 
rise to birds which appear normal at hatching time but that, at about 
4 weeks, retardation of feather growth appeared, with the result that 
as adults the birds were almost nude of feathers and the beak and toe- 
nails were quite fragile. Flightless liirds mated to flightless birds pro- 
duced progeny consisting of IIG flightless, ol nonnals, and 10 fc.athcr- 
less. Backcross matings of flightless to normal feathering ga\c approx- 
imately a 1 : I ratio, indicating that the fhghtle-.s condition is heterii- 
zygous. .\pparently the flighlh-s gene in homozygous londition is 
ilsuallv lethal, approximatel.v twcMhinl- of the homozygous indiiiihiils 
dying,' ns indirated by tbe proportion of 110 : .'.I • 10 mdiratesl alioie 
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Fig 44 A aptcrjlo"is (Sturkie IM2) B a long tailed bird tKinugana 1030 
C ‘etnngj feathenng (Ba Bohrcn and Barren lOoO D ™lture hock L ' 
Dept kgr ) E a Naked Neik bird (L S Dept 4gr 
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The feather tracts, or pterylae, and the apteria, or relatively bare 
spaces between the feather tracts, of normal and naked-neck birds are 
shown in Fig. 42. In normal birds there are some down feathers and 
semiplumes in the apteria, but in the Naked-Neck fowl the apteria in 
all regions of the body are bare, as pointed out by Greenwood (1927). 

Davenport (1914) and Warren (1933a) demonstrated that the naked- 
neck character is due to a single dominant autosomal gene, designated 
Na by Hutt (1949). 

“Long Tail.” The Phoenix and Yokohama fowls, originally of 
Japan, have extraordinarily long sickle feathers and saddle coverts, 
sometimes up to 12 to 20 feet, and tail feathers up to 8 feet long (see 
Fig. 44). According to the rather meager observations of Davenport 
(1906) and Bonhote (1914), multiple genes are involved. 

Vulture Hocks. Two standard American breeds of chicken, the 
Sultan and the Mille Fleur Booted Bantam have long, stiff feathers 
that arise from the posterior area of the tibial feather tract, above the 
tibiomotatarsal (hock) joint (sec Fig. 44). Davenport (1900) and dull 
and Quinn (1931) observed that the vulture hock condition is duo to a 
recessive autosomal gene, designated v by Hutt (1949). 

Feathered “Shanks.” Although in poultry parlance Asiatie broods, 
as well as some European breeds and the Silkies, are called feathered- 
shank breeds, in reality the feathers involved arise from the outside 
of the tarsometatarsus and appear also on the toes, especially the outer 
toe of each foot. The term feathered “shanks" has become so well 
established, however, that there should be no particular objection to 
retaining it so long as the place of origin of the feathers is kept in mind 

The results of early studies on the inheritance of shank feathering 
wore inconclusive. This is understandable when it is realized that 
breeds differ in degree of shank feathering, that Croat! Langshans in 
England have less profuse shank feathering than slandardbrcd Duig- 
.shans, and that Cochins have more profuse shank fcalhcring than 
■standardbred Langshans. 

I’linnett and Bailey (1918) cros'-cd Croat! Langshans with llnmbiirgs 
and with Brown Leghorns and conchidetl that .shank feathering is 
tlomiimnt to its absence, an autosomal gene being involvcti. On the 
other hantl, I’linnett anti Bailey conchidetl that two autosomal genes 
are responsible for shank feathering in those breetls having more profuse 
shank feathering than their Crtnid fgmgshans. 

riirther work by Dunn anti .lull (1927), laimlK rt anti KTiox (HIJ'I), 
anti Hays (1913) has not hclpetl much in solving this very coniplev 
problem. .\t present it i' not possible to suggi-t the niimlier of g, ni- 
n-sponsible for shank feathering 
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Early, Late, and Slow Feathering 

mufTs and beard arc al\\ajs associated together, m Houdans the beard 
IS larger than the mufTs but in most other cases the muffs are larger than 
the beard. Muffs and beard arc due to an incompletely dominant 
autosomal gene, designated il/6 bj Hiitt (1949) 

Short DoA\n. Ilutt (1951), from matings of Rhode Island Red males 
X Barred Plymouth Rock females, obsened a significant deficiency of 
female chicks at hatching time and an excess of females among the 
embrjos that died during the latter part of the incubation period 
These dead female embrjos had “clubbed” short doun The females 
that hatched were solid black in doun color, and the doum uas shorter 
than in male chicks, which had black doun except for a uhite or uhitish 
spot on the top of the head, due to the gene B for barring The females 
also had areas on the dorsal surface uhere the doun uas absent or 
sparse Hutt attributed the shortness and sparseness of dou*n m female 
embrjos and hatched clucks to the plciotropic (manifold) effects of 
the gene E, uhicli had a scmilethal effect on female embryos 

Earl}, Late, and Slo^v Fcalhcring. Throughout the lifetime of a 
chicken several changes m plumage take place, the doun at hatching 
time being superseded by chick feathering, which is followed by juvenile 
plumage, which in turn is followed by adult plumage Chick feathenng 
replaces the doun gradually, and subsequent feather changes result 
from the replacement of feathers m a fairly regular sequence 

Appearance of Chick Feathenng It has already been pointed out and 
illustrated in Fig 42 that feathers arise from feather tracts or pterylae 
The problem of chief concern at this time is to point out the importance 
of the difference m the rate of the development of wing and tail feathers 
which often exists between breeds and strains The primanes and 
secondaries of the wing are called “remiges,” and the tail feathers are 
called “rectnees ” 

The order in which feathers appear in the feather tracts has been 
studied by Landauer and Dunn (1930c), Gencke and Platt (1932), Chu 
(1938), and Radi and Warren (1938) Although there is considerable 
overlapping with respect to the time that feathers appear m different 
feather tracts, the order of feather appearance is about as given by 
Radi and Warren shoulder, thigh, breast, neck, tail, back, umg, leg, 
abdomen, and head The sequence of feather appearance within feather 
tracts has been studied by Holmes (1935), Warren and Gordon (1935), 
and Juhn (1938) 

Sequence oj Plumages Juvenile plumage succeeds the definitive 
feathenng stage gradually, juvenile feathers making their first appear- 
ance in the marginal areas of the feather tracts With respect to the 
rate of wing and tail feathering, it has long been known that most Leg- 
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feather tracts, the order of feather appearance is about as given by 
Radi and Warren shoulder, thigh, breast, neck, tail, back, wing, leg, 
abdomen, and head The sequence of feather appearance within feather 
tracts has been studied by Holmes (1935), Warren and Gordon (1935), 
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Early y LatCj and Slow Feathering 

feathering cockerels and latc-feathcring pullets The sex-hnked nature 
of late feathering ^\as determined on the basis of tail feather develop- 
ment at 10 dajs of age (see Fig 45) The sjmbol for the dominant sex- 
hnked gene for late feathering is K 
Darrou and Warren (1944) obsened that an autosomal dominant 
gene improves feathering m the presence of K 

Number of Secondaries at Hatching Time Warren (1925, 1944a) 
demonstrated that early feathering could be identified in chicks at 



Fig 46 Left, A\ing of late fcathenng New Hampshire chick at hatching time note 
that the primaries are poorly developed and no secondaries are visible Right 
wing of an early-feathering New Hampshire chick at hatching time note the well de 
veloped pnmanes and primary coverts and six well developed secondaries (Glazener 
and Jull, Univ of Maryland ) 

hatching time by the length of their primary feathers and the relative 
length of their coverts, which grow along each primary feather Not 
only are the primary feathers well developed in early feathering chicks, 
but also the coverts are about two thirds as long as the primary feathers, 
whereas in late-feathering chicks the coverts are about as long as the 
primary feathers, which are almost as slender as the coverts 

Darrow (1941) and Darrow and Warren (1944) observed that the 
number of well-developed secondaries at hatching time was positively 
correlated with the degree of tail feathering at 10 days of age and with 
the degree of feathering at broiler age Glazener and Jull (1946), w ork- 
mg with Barred Plymouth Rocks and New Hampshires, found that 
chicks with at least six secondanes at hatching time were heavier at 
10 weeks of age than chicks with five or less secondaries (sec Pig 46) 

In order to get a good view of the secondanes in newly hatched chicks 
the wings should be looked at from the underside 
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AT 10 DAYS OF AGE 

Normal early feathenng at least six pnmancs and six secondaries equal m length 
and a well developed tail 

Retarded three or four primaries and secondaries of equal length, the successive 
primary and secondary feathers being progressively shorter, and no tail 

Tardy a normal number of primaries but narrower and shorter than in normal 
early feathenng chicks but little or no development of secondaries and no tail 

AT 3 WEEKS 

Normal early feathenng many body feathers, at least eight well developed primaries 
and secondaries and a prominent tail 

Retarded few body feathers, only six pnmanes and six or more secondaries, and 
poorly developed tail 

Tardy poor feathenng over the body, secondanes shorter than the pnmanes, and 
no tail 


Improving Early Feathering If there js need of improving feathering 
in White Leghorns, poultry breeders should adopt a breeding and selec- 
tion program involving the identification and elimination of retarded- 
feathering chickens at 10 days of age and the identification and elimina- 
tion of tardy-feathenng chicks before they are 8 ueeks old At the 
same time, it is possible that the rejection, for future breeding purposes, 
of all chicks at hatching time that have less than six secondaries would 
be equally effective and would involve much less labor 

Improving feathering in late-feathering strains can be readily accom- 
plished by introducing k into the flock This has already been done m 
several strains of Barred Plymouth Rocks, White Plymouth Rocks 
New Hampshires, and Rhode Island Reds On the other hand, some 
late-feathering strains have been shown to have a few birds carrying k, 
in which case it is a fairly simple matter to change the strain into an 
early-feathering one Future breeding stock should be selected at 
hatching time from among the chicks with at least six secondaries 
Slow Feathering Late feathering in some general-purpose breeds may 
be so variable that at about 6 to 12 weeks of age some of the chickens 
are known as “barebacks” (see Fig 48) This slow -feathering condition 
IS due to autosomal genes Occasionally a few White Leghorn chickens 
in certain strains may also be afflicted with this bareback condition 


“Barebacks” are a menace to broiler growers , r i i 

Hen Tcathering m Males Among the v anous breeds of chickens, 
the Campmes (see Pig 4) and the Sebright Bantams are known as 
“hen-feathered” breeds, inasmuch as m these breeds the male hackle 
and saddle feathers are of the same shape, color, and rclatii clj 


length as m the female 
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The results of several crosses made by different investigators showed 
that hen feathering is dominant to cock feathering, the symbol Hf being 
designated by Hutt (1949) for the gene that causes hen feathering. 
Punnett (1937) suggested that hen feathering is caused by a single 
dominant autosomal gene, the effects of which are possible only when 
the gene is activated by testicular hormone. Haldane (1942) suggested 



F.a. 40 Effect of sex hormones on plumage typo » males of the S.lv r Sebr g t 
Bantam, a hen-feathered breed. Left, a normal saddle >1“^ ,®3'‘/Xr na 
a capon saddle leather, eastrafon results m the dove opment of 

Third from left, a saddle feather from a capon treated with male sex hoimonc High , 
saddle feaJher of a capon treated with female sex hormone. (Selje, 1947 ) 

that the gene for hen feathering renders the feather-producing cells 
sensitive to most of the male sex hormones m 7'’ 

tions. He stated that in all probability hen 

to the testosterone secreted by the testes and not to any ^ ^ ^ 

gens which they may secrete and that the gene must act feathe 

r;“ " i. 1— , «» i—- 

«as henny (see Fig^49). j „„ i„l,red Brown 

Greenwood and Bljth (IJ-iv ^ ndnlt mf)!t Imf 

horn cock that acquired female re\erv,il fn.in 

a year later reverted to male feathering -ub ciiiien 
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\\ere descendants of one Leghorn male, three or four of whose 

sons transmitted the condition to their daughters Apparently a domi- 
nant gene is responsible for the condition 
Comb Tjpe. Among the vanous domestic breeds of chickens, the 
type of comb is usually a breed or variety characteristic For instance, 
all Plymouth Rocks have single combs, all Wyandottes have rose 
combs, but there are single-comb Rhode Island Reds and rose-comb 
Rhode Island Reds, as wcW as single-comb and rose-comb White Leg- 
horns There are, houever, variations within single and rose combs 
The Leghorn single comb is supposed to have five points or serrations, 
whereas the ^Minorca single comb is supposed to have six points, the 
spike at the rear of the Wyandotte rose comb turns downward, whereas 
the longer spike of the Hamburg rose comb turns slightly upward 
In addition to single combs and rose combs, there are the following 
types of combs in other breeds pea combs in Brahmas, Cornish, and 
Sumatras, cushion combs in Chanteclcrs, strawberry combs in Malay 
Bantams, V-shaped or duplex combs in Houdans, Polish, and Sultans 
Single Comb The results of numerous crosses, reported by Punnett 
(1923) and others, between birds with single combs and birds with rose 
combs show that the gene for single comb is recessive to the gene for 
rose comb Also, it has been shown that the gene for single comb is 
recessive to the gene for pea comb In connection with the latter cross, 
Punnett pointed out that, although some of the heterozygous pea combs 
appeared to be single combs, the fact that they were pea combs was 
demonstrated when these heterozygous birds were mated to birds 


having rose combs , . 

Modifying Genes A side sprig is a well-defined pointed growth on 
the side of a single comb The presence of a side sprig on a single comb 
disqualifies a bird from winning a prize at poultry shows that are judged 
according to the provisions of the Standard of Perfection published by 

the Amencan Poultry Association 1 v 1 

Asmundson (1926) secured results uith lYhite Leghorns whic in i- 
cated that side sprigs are due to the interaction of t^^o autosomal 
dominant genes which are complementary in eir ac ion 
(1946) concluded that multiple genes, some «ith complementa^ ac lo 
rrere not only responsible for the production of side ^ 

also involved in the production of multiplex combs for irhich he selected 
(see Fig 51) Alder (1946) shoned that, by selective breeding of rose 
comb teds X rose-comb birds for six generations, ^ 

secured vhose combs resembled smgle combs to a 
Alder’s results also indicated that the number of ™ 

IS due to modifying genes Since side sprigs are caused by autosomal 
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one of the parents must have been heterozygous for rose comb, or Rr 
In order to eliminate the gene for single comb from the flock, 'all sus- 
pected parents should be tested by mating them to single-comb or rr 
birds Should such matings produce any single-comb progeny, the 
suspected parent vas, of course, Ur and should be discarded from the 
breeding pen 

Pea Comb A pea comb has the appearance of three small single 
combs parallel ivith one another and joined at the base, each having 

gametes of male origin 
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Fig 52 Showing the Fs results secured from an original cross of rose comb X pea 
comb The Pi birds have v-alnut combs, due to the interaction of the gene for 
rose comb, and the gene P, for pea comb When the Fj birds (PrPp) are mated 
among themselves, an F 2 ratio of 9 walnut 3 rose 3 pea 1 single is the result 


points, those of the t^\o outer rows being smaller than the points of the 
middle row Pea comb, the gene for which is designated P, is less com- 
pletely dominant to single comb than the gene R Modifying genes 
are involved in determining variations in number of points and the size 
of the tv o outside ridges 

Munro and Kosin (1940) made the interesting observation that a 
peculiar ridgelike formation on the breast uas characteristic of Brah- 
mas, Cornish, Cornish Bantams, and Black Sumatras, all of vhich 
have pea combs Also, all crossbred birds v ith pea combs had the same 
sort of “breast ridge,” but it v as not present in any bird vith other tj pcs 
of combs 

IPaZnnf Comb The valnut type of comb is similar to the cushion 
comb of the Chantecler and the stravbcro comb of the Malaj Ban- 
tams Walnut combs are relatnelj smalt m size and ha\c irregular 
grooves on the surface 
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ancestry. Types 3 and 4 are hereditary and are recessive to normal 
beaks. Crossings involving types 3 and 4 produced progeny vith 
normal beaks. 

Abnormal or Missing Maxillae. Asmundson (1936), among the 
progeny of White Leghorn inbred matings, observed some chicks in 
which the maxillae of the upper beak w’ere either reduced in size or were 
missing. The upper beak was frequently bent to one side, and in some 
of these cases the nasal bones w’ere reduced in size. Embryonic devel- 
opment apparently was not affected, but the chicks could not release 
themselves from their shells without assistance. All that "were aided 


died within a few days. The condition is due to an autosomal recessive 
gene, mx (Hutt 1949), and is lethal in the homozygous state. 

Short Upper Beak. Landauer (1946) recorded the appearance of 
short upper beaks among the progeny of Mottled Houdan matings. 
Not only was the upper beak shortened, the degree of shortening vary- 
ing widely, but also the long bones of the body were shortened, the leg 
bones being affected more severely than the wing bones. Embryonic 
mortality prior to the eighteenth day of incubation was not affected, 
although some embryos showed the defect as early as the ninth day of 
incubation. 

Crossing his Mottled Houdans with White Leghorns, in which the 
short upper beak condition has never been recorded, led Landauer to 
the discovery that White Leghorns carry modifying genes that suppress 
the effect of the gene responsible for the short upper beak. The gene 
responsible for this condition is a semilctha! autosomal recessive, tlio 


symbol for which Hutt (1949) designated SM. 

IMlssing Mandible. Marble, Hammers, and Harper (1942) and 
Marble, Harper, and Hammers (1944), in inbred White Lcgliom stock, 
described chicks exhibiting cerebral hernia, abnoimal eyes, a rcdiittion 
in the size of other facial parts, reduced Icngtii of the upper lieak, aiic 
a mere vestige of the lower mandible. All embiyos liomozygoiis for the 


"“Ion Lower Mandible. McGibbon (1940) 

lower mandibles, rarely moie than one-half as ong ns ic ,^1 

among progeny secured from certain Wiite Lcgliorn mat np In main 

respecl^h? cLdirn resembles the “parrot-boak” aon<h i™ dwciiw 

under the next heading, although in this ca.se there ""c no K -s i bno 
malities of the long bones of the body. The gene for .si, or « - " “ 1^ 

We is scmilethal in its cffecti approximately one-li.s f of l e en, o- 

Uied before the end of the Tip m 

''hich hatched most died soon thercaftc . . Inner nnn*h- 

hut wore unable to cat or <lrink. largely lHic.auso the .short loaer 
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resemble the forefeet of moles hence the name “talpid embryo (from 
tal'pa, meaning mole) Figure 54 shows the effects of the talpid gene in 
an 11-day-oId embryo The proximal bones of the legs and wings are 
extremely short and there is duplication of the distal bones Each foot 
may have as many as ten digits fused together, and the fused digits of 
each w mg give it the appearance of a hand Other abnormalities include 
reduction m the development of feather papillae, shortened beaks and 
vertebral column, and eversion of the viscera 



Flo 54 Lett showing effects of talpid gene in an II daj old embrjo Ctntcr 
normal embryo of same age (Cole 1942 ) Itighl double reeessiio m-^onicl a in 
embryo showung parrot beak and deformed loner mandible ( Israund on 1042 ) 
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wings, kidneys, and feathers have one feature in common, an epithelial 
layer being involved in their formation Hutt (1949) designated the 
symbol wg for the autosomal recessive gene involved. 

Split Sternum. MacLaury, Buckner, and Insko (1948) described a 
10-week-old White Leghorn cockerel that had an abnormally developed 
caudal median projection of the sternum The central portion of the 
sternum Avas verj' broad but was divided to form two ends (see Fig 50) 
instead of being straight and svordlike in shape 



Crooked Keel. The crooked-keel condition .omelimcs .nttains -en- 
ous proportions in certain flocks and is of economic .mport.ance from the 
standpoint of the appearance of foni and roasters i rc-ct or m.iT c 
The condition is apparently not of senous concern to hro, ler prcxl e^ 
because marked crookedness of the keel nM.nlly dix-s not < ei el,> . nn I 
• I 1 OT./1 fr\'prs arc sold and, in aflihtion, mo'l 
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wings, kidneys, and feathers have one feature in common, an epitheliaJ 
layer being involved in their formation Hutt (1949) designated the 
symbol wg for the autosomal recessive gene involved. 

Spilt Sternum. MacLaury, Buckner, and Insko (1948) described a 
10-week-old White Leghorn cockerel that had an abnormally developed 
caudal median projection of the sternum The central portion of the 
sternum was verj' broad but was divided to form two ends (see Fig 50) 
instead of being straight and s^^ordllke in shape 



rio.60. Left, normalUel Center, bifid l.ccl (MacLamy, Buckner, and InAo, Jr . 
10 -js 1 Uiffht. crooked keel (Water?, 19J9 ) 
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breeding reared at o different places but the results secured certainly 
indicate that rearing methods ^ere a factor 
Progeny Testing to Eliminate the Condition Since there are so many 
degrees of crookedness of keel and since multiple genes obviously are m 
volved, the only rational breeding program to follov in attempting to 
eliminate the condition from a flock is progeny testing Numerous mat- 
ings would be necessary, and goodly numbers of progeny from each 
mating w ould be desirable 

Unilateral Kidney Jeffrey, Beaudette, and Hudson (1937) de 
scribed a condition of kidney abnormality in a strain of hite Leghorns 
in which the left kidney was either atrophied or missing entirel> Ap 
parently the condition is inherited but the mode of inheritance has not 
been determined 

Crooked ^eck. Jull and Quinn (1931), m breeding Broun Leghorns, 
observed that the progeny of three dams m one breeding pen had 
twisted necks, a condition which first became apparent uhen the birds 
were about half grown and gradually became more severe (see ^ig 58) 
Some of the pullets laid a feu eggs but since mating u -is impossible a 
backoross and an Fs generation could not be secured Apparontlj an 
autosomal recessive gene uas responsible for the condition 

Crooked-^eck Dwarf From matings of New Hampshires Asmund 
son (1945) obtained some embryos about one half normal size ind with 
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smaller than normal females This type of dwarfism is caused by a 
sex-linked recessive gene, dw 

Autosomal Dwarfism. One of the earliest reports of dwarfism in 
the larger breeds of chickens was that of Landauer (1929) Among 
those who have studied dwarfism and reported on its inheritance most 
extensively are Mayhew and Upp (1932) and Upp (1934) In a flock 
of "Rhode Island Reds, there appeared several birds with shortened legs, 
especially the tarsometatarsus, outer toes turned outwards and back- 
wards, and bodies carried in a nearly horizontal position In some 
cases the head w as quite broad and the beak w as bent dow nw ard From 
the breeding data, it was suggested that this type of dwarfism is due to 
an autosomal recessive gene, the dwarfs being homozygous Landauer’s 
Rhode Island Red dwarf was observed to have an enlarged thyroid 
hence the term “thyrogenous dwarfism,” suggested by Landauer Hutt 
(1949) suggested the symbol id for the gene causing this condition 

Creeper. There are different names for the Creeper fowl in vanou‘5 
countries In Great Britain they are known as Scotch Dumpies, in 
France as Courles Pailes, and in Germany as Kruperhuhn A Creepei 
fowl IS shown m Fig 58 Investigational work has disclosed that these 
Creeper fowls are of the same genetic constitution 

Creepers have two peculiar characters that distinguish them from all 
other breeds of chickens The wing and leg bones are very much short- 
ened, the development of the leg bones differing markedly from those in 
normal breeds Cutler (1925) pointed out that all the leg bones, except 
the fibula, are correspondingly shortened, that of the tibia is usiialb 
hent considerably, and the hhula is much better developed than in nor- 
mal birds Cutler suggested that all adult Creepers are hcterozjgouK 
for the gene that determines the peculiar character because homoz^gou** 
individuals die early 

Landauer and Dunn (19306), who used Creepers from America 
Germany, Scotland, and the Marquesas Islands, studied the genetics 
of the “creeper” character and found tliat all tlieso birds arc .iffcctod 
bj the same gene Landauer (1942) showed that the Japanese Bantam 
breed carncs the same gene or an nllcic of it It was found, Iiouoicr 
that rclati\el> more homozjgous embrjos gencriHj suniie to 1 ite 
stages of cmbrjonic dciclopmcnt than m the ca'^e of homozigous 
Creeper embrj os Landauer suggested, therefore, “that the modified 
effect of tlio Creeper mutation in Japanese B intams is caused b\ an 
incomplcteU dominant modifier Iinkcti with the Creeper character 

I.andaucr (1932) concludctl that the autosomal domin int gene 
responsible for the Creeper character brought about a general rttanla- 
tion of bodi growth at a dcrimtc ^tago of emhrjonic dciclopmcnl 



Creeper 1^5 

smaller than normal females This type of dwarfism is caused by a 
sex-linked recessive gene, dw 

Autosomal Dwarfism. One of the earliest reports of dwarfism in 
the larger breeds of chickens was that of Landauer (1929) Among 
those who have studied dwarfism and reported on its inheritance most 
extensively are Mayhew and Upp (1932) and Upp (1934) In a flock 
of Rhode Island Reds, there appeared several birds with shortened legs, 
especially the tarsometatarsus, outer toes turned outwards and back- 
wards, and bodies carried in a nearly horizontal position In soirie 
cases the head w as quite broad and the beak w as bent dow nw ard From 
the breeding data, it was suggested that this type of dwarfism is due to 
an autosomal recessive gene, the dwarfs being homozygous Landauer’s 
Rhode Island Red dwarf was observed to have an enlarged thyroid 
hence the term “thyrogenous dwarfism,” suggested by Landauer Hutt 
(1949) suggested the symbol Id for the gene causing this condition 

Creeper. There are different names for the Creeper fowl in vanou*? 
countries In Great Britain they are known as Scotch Dumpies, m 
France as Courles Patles, and in Germany as Kruperhuhn A Crcepei 
fowl IS shown m Fig 58 Investigational work has disclosed that these 
Creeper fowls are of the same genetic constitution 

Creepers have two peculiar characters that distinguish them from all 
other breeds of chickens The wing and leg bones are very much short- 
ened, the development of the leg bones differing markedly from those in 
normal breeds Cutler (1925) pointed out that all the leg bones, except 
the fibula, are correspondingly shortened, that of the tibia is iisiiall} 
bent considerably, and the fibula is mucb belter developed tban in nor^ 
mal birds Cutler suggested that all adult Creepers are hcterozjgou" 
for the gene that determines the peculiar character because homoz>gou‘’ 
individuals die early 

Landauer and Dunn (19306), who used Creepers from America 
Germany, Scotland, and the Marquesas Islands, studied the genetics 
of the “creeper” character and found that all tlioso birds arc .iffcctcd 
bj the same gene Landauer (1942) showed that tlio Japanese Bantam 
breed carncs the same gene or an allele of it It was found, Iiouo\cr 
that rclati\el> more homozjgous embrjos gencrillj sur\i\e to 1 ite 
stages of cmbrjonic dc\clopracnt than m the ca‘^e of homoz\gous 
Creeper embryos Landauer suggested, therefore, “that the modified 
effect of tlio Creeper mutation in Japanese B intams is caused b\ an 
incomplcteU dominant modifier linked with the Creeper character 

I.andauer (1932) concludctl that the autosomal domin int gone 
responsible for the Creeper character brought about a general rttanla- 
tion of bod\ growth at a definite stage of emhrjonic development 
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feathers is reduced considerably. Rumpless fowls seem to have been 
in existence for hundreds of years, but they are of little concern to most 
poultry breeders. 



Fia 58 A, a rumple'>s bird (Optw.ir.i, 1928) B, lioredit.iry crooked foes (Ilirk', Jr , 
and licrnor, 1949). C, a German Creeper (I^ndiuer and Dunn, 1930 b) I) a 
crooked-neck bird (U. S Dept Ajir ) 


Four Types of liumpfcssncss. AccortliiiK to the ^^ork of Landaucr ami 
Dunn (192o), band.mcr (192S), Dtinn and I^andanor (li).'Jl, HI'Jl*). ainl 
T-andauer (1915a), tlie four types of nimplc'^snev,*. uu-lude (I) .ui idi-ntal 
or .sporadic nimplc'>snc'‘s; (2) hcreilitarj* complete nimple-v-no-s dm* to 
an auto->omal dominant pene /ip, (3) hcreditnrj* intennedi.ite nmipli-"- 
no-vs due to mmlifyinp penes; (1) hcrc<htnn.’ recev-ive nimplc'-m-'s dm* 
to autosomal r/> 3, tlie ileprcc of recessive rumj)I(“s.snes> hianp determine*! 
by modifyinp penes. 

It is pnietic.dly imposMblc to <listinptiis!i accidentally njini>I«s.^ binls 
from hcrialitanly completely nimpji's^s binls, and it is abo pr.ictn. dU 
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may bo absent but are usually fused together and the uropygial gland 
IS either absent or rudimentary The important difference, however, is 
that the fused caudal vertebrae usually curve downward, and this 
condition is often associated with curvature of the spine 

The gene rp 2 is not completely recessive and is affected by modifying 
genes 

Crooked Toes. Hicks and Lemer (1949) selected for a crooked-toe 
condition, shown in Fig 58, that proved to be hereditary Over a 
period of 6 years they succeeded m increasing the incidence of the con- 
dition in the selected line from about 15 per cent to over 97 per cent 
The elimination of birds with this condition from the regular breeding 
flock each year should maintain the defect at a relatively low level in 
the progeny 

Poljdactjly. By polydactyly is meant the presence of one or more 
extra digits (sec Fig 59) Certain breeds of chickens have five toes on 



tio 50 Three forms of poljdactjb Ix?ft the Ijpt of foot U'.uilb found in pol\ 
(hot>lous breeds Center, a tjpc often found in homozjRous duplicates ItiRlit 
an extreme duplicate that deforms tlic cluck to a lethal doRrcc (W arren 10116) 


each foot instead of four, winch is the number common to most breed'? 
Fuc-toed breeds include Houdans, Dorkings, and Silkies 

The fiftli toe IS a duplication of the Inllux or first too There are 
numerous txpes of pohdact\li=m l>ut, since tlio condition is of slight 
interest to poultry breeders m most countries except when Inlcli ibilitv 
is lowered, a liricf drcu'-sion sliotild suffice Students inter 'tod in the 
numerous and complex det iiN in\oI\c<! should consult the litcritun 
references cited l^nndaticr (lOlS), and \\ irren (1911 1911) 

^\arren (1911) and B lumaiin md Himl luor (1911) dc-inlKsJ n 
dutxlous condition of tin wings Ihi littir author* ob-< rxcfl tint 
wing poUdulxlrm r mon Inlifi to lx ixpri'fil in birds tint arc 
liomorxgous for poUd ulxlrm tli in m bird- In I* ror\ goiis for polvdu 

tx h-m 
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Brackydactyly iQj 

longer medial supernumerary toe longer than the other two, great 
variability in the size of the middle toe, and a shortened maxilla (see 
Fig. 60). In some embryos, in addition to the extra toes, supernumerary 
metatarsal bones are present, the number of these being very variable. 
In addition to these common abnormalities, numerous other variations 
occur, such as shortened femur, tibia, and tarsometatarsus, and super- 
numerary structures in the wing. 



Fia 60 Left, normal embryo Center, diplopod cmbrj'o. Right, diplopod embryo 
showing unusually complex structure of the extra wing complements (Taj lor and 
Gunns, 19t7 ) 


The shoitening and ciuvaturc of the leg bones and the upper-beak 
defect are probably largely responsible for the very high in-sholl cmbrx’o 
mortality. 

Diplopodia is inherited as a simple autosomal recessive gene, desig- 
nated dp by Ilutt (1919) It was suggested by Taylor and Gunns that 
modifying genes or environmental factors tend to supproJ^s the action 
of dp. 

Hraclixdnctjly. By brachydaclyly is meant a ‘'liortening of the 
fourtli too .‘50 that it is as .sliort a.s or .‘shorter than the .‘>econ(l too, wherc.ix 
in normal birds the fourth toe is about 10 to 12 per cent longer than the 
.‘•econd toe («eo Fig. 01) Warren (1910) studie<l the inherit. nice of 
hracliydactyly in crov,hrc<I stock deMendcsl from Light Hr.ihm ih and 
.‘^ilkies, both of which have feathensl ‘•hanks J-iai) (1‘G‘0 and U.ir- 
ren (1910) ol)scr\od that hrarli\d.ictyh-m ancl shank fe.itheriiig an- 
as.-oeiat(Kl. Warren found that the extent of shank fc-ilhering bore i 
direct relation to the <Iegns‘ of shortening of the fourth too (’.m-idc r- 
ablc variation wius ob-erx-ctl in the degn'o of the rxpn—ion of brach\- 
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Diplopodia is inherited as a simple autosomal recessive gene, desig- 
nated dp by Ilutt (1919) It was suggested by Taylor and Gunns that 
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Brachydactyly t61 

longer medial supernumerary toe longer than the other two, great 
variability in the size of the middle toe, and a shortened maxilla (see 
Fig. 60). In some embryos, in addition to the extra toes, supernumerary 
metatarsal bones are present, the number of these being very variable 
In addition to these common abnormalities, numerous other variations 
occur, such as shortened femur, tibia, and tarsometatarsus, and super- 
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Fifl. GO Left, normal embryo Center, diplopod embryo Rlpht, diplopod embryo 
sbowinR unusually complex structure of the c\tr.a winj; complements (Tn>Ior and 
Gunns, 10-17 ) 


The shoitcnmg and cuivaturc of tlic leg bones and the uiipor-boak 
defect are probably largely responsible for tlic very high in-slmll embryo 
mortality. 

Diplopodia is inherited as a simple autosomal icccssivc gene, desig- 
nated dp by Ilutt (1949) It ^\as suggested by Taylor and Ounns that 
modifying genes or environmental factors tend to suppress the aetion 
of dp. 

Hrnch>dacl>ly. By brachydactj'ly is meant a shortening of the 
fourtli toe so that it is as sliort as or shorter than the ‘•ecoiul toe. uliere.is 
in normal birds the fourth toe is about 10 to 12 per cent longer than tlu* 
second too (see Fig. 61), Warroii (1910) studjed the mbenf.-un e of 
braehydactyly in ciO''sbrc<l stock de-'cended from Light Br.ilima*i and 
Silkies, both of which liave feathered '•hunks .laap (l‘d-1‘0 and Uar- 
reu (10 to) ohscrvctl that hrachyd.u-tylism and shank fe.it lienng an 
as-(K*iated. Warren found that the extent of shank fc.ithering Imre a 
ihreet relation to the ilegrce of shortening of tlie fourth to*' r- 

ahlc variation was ohn^rvetl in the degree of the e\prc'-u)n of hr.ulu- 
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The shoitcnmg and cuivaiture of tlic leg bones and the uiipor-boak 
defect are probably largely responsible for tlic verj' high in-sljcll embryo 
mortality. 

Diplopodia is inherited as a simple autosomal icccssivc gene, desig- 
nated dp by Ilutt (1949) It ^^as suggested by Taylor and Ounns that 
modifying genes or environmental factors tend to suppress the aetion 
of dp. 

Hrnchydacljly. By brachydactj’Iy is meant a shortening of the 
fourtli toe so that it is as short as or sliortcr than the ‘•ecomi toe, \\ liere.i'^ 
in normal birds the fourth toe is about 10 to 12 per cent longer than tlu* 
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hraelu’dacfyly in cio'.-shral stork dc-^ccmUHl from Jaght Jlr.dim.-ii 
Silkies, both of which have feathered shanks .laap (193<l) and Unr- 
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as-.(K*iated. Warren found tliat the extent of shank feathering htire a 
ihrect relation to the ilegree of shortening of the fourth (\insnl( r- 

ahlc variation was ohsorvetl in the degree of the expression of hr.ulu- 





Syndactyly 163 

Matings of defective X normal birds gave a preponderance of normal 
birds in the progeny Matings of defects e X defectne birds ga\e 
approximately equal numbers of defectne and normal birds in the 
progeny The results secured from the«e and other matings led to the 
conclusion that se\ eral genes are necessarj for the expre««ion of ungual 
osteodystrophj and that some of the^e genes act as modifiers 
Sj ndactj I> . In si\ imming birds a w eb of skin unites the toea , hence 
the term “sjmdactjly ” Webbing of the feet to the same extent found 



Fig 62 Syndactylism arren 1950 ) 


m SAMmming birds is not a normal charactenstic of chickens Warren 
(1950), ho^^e^er, ob«er\ed a few ^\hItc Plymouth Rocks showing pro- 
nounced syndactylism («ee Fig 02) In most of what few ca^es ap 
poared, both feet were webbed Also, the extent of webbing \ancd 
considerably 

Danforth (1919a) and Jaap (1939) cxprc^^cd the mow that s^n- 
daclxli'sm and brach\dact\li‘*m arc cau‘=c<i bx the ‘^amc gcnc‘« Din 
forth behexed that sxndactxh^'m and log feathering were cui‘-cd bx tlio 
s ime genes in Light Brahmas, but it is of interest to note that ^^hltc 
Plx mouth Rocks do not liaxc featlicnxl legs 

irrcn’s Fj generation matings produced progeniC'> xarxing from 
none with sxndactxlicm to 50 per cent vxndactxb No matings of «xn 
d ictx K X sx nd ictx Is and of ‘jxnd ictxls X hetcrozx gotes prtKlur<-<l mh 
‘•xnrJ iclxlou*; progenx '^xnd i( txli m is not ‘=p\ hnktd and it rn k 1 
of inlurit inco is xorx comphcit<*<l 
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Fig 62 Syndactylism (barren 1950) 


m SAMmming birds is not a normal charactenstic of chickens Warren 
(1950), ho^^e^er, ob«er\ed a feu ^\hItc Plymouth Rocks ^honing pro- 
nounced syndactylism («ee Fig 02) In most of uhat feu ca^es ap 
poared, botli feet uere u ebbed Also, the extent of u ebbing \aricd 
considerably 

Danforth (1919a) and Jaap (1930) cxprc^^cd the mcu that s^n- 
daclxh'sm and brach\dact\h‘*m are cau‘=cd bx the ‘^amc gcnc‘« Din 
forth behexed that sxndactxh‘'m and log feathering were ciu‘-cd bx tlio 
s vme genes in Light Brahmas, but it is of interest to note that \\ lute 
Plx mouth Rocks do not haxc feathcre<l legs 

irrcn’s Fj generation matings produced progeniC'> xarxing from 
none with sxndactxli=m to 50 per cent ^ndaclxF No matings of «xn 
d ictxK X sx nd ictxls and of ‘:xnd ictxls X heterozx gotes prcKlunfl mh 
‘•xntJ iclxlou*; progenx '^xndiitxh m is not ‘=p\ hnktd and it rn k 1 
of mlurit inco is xerx compile it<*<l 




Multiple Spurs 165 

so that they curved downward with their tips pointing toward the 
shank bone. Decalcification took place relatively sooner in young 
cockerels than in older birds. 

Goodale (1925) developed a strain of birds by selection in which 
about half of the females had spurs, indicating that sexual dimorphism 
in spur development is genetic. 



Fig. 63. Left, double spur development in early adulthood. Right, double spurs in 
adult male. (Warren, 1946.) 


Double Spurs. Warren (1940) described a double-spurred condi- 
tion, shown in Fig 03, tvhich could be identified in males and females at 
hatching time, the incidence among females being Iiigher than among 
males. The results of different kinds of matings indicated that the gene 
responsible for this character behaves like a recessive 

IMulliple Spurs. Hutt (1941) made an original mating of a multi- 
spurred Black Sumatra male X White Leghorn females, all of the Fj 



Pia. Cl ft, j'ptir* in lUirk Sunwtn. thrt-.- <>f Irrijjth 

IliKht, the ht I of n nUfl. ^lioninj; four 1‘pu*^ na til. I^ft Jr- lUijtt I'MI i 
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TABLE 5 — Continued 

Dominant and Recessive Morphological Characters 


Character 
Ragged ^ mg 
Hen feathering in males 
Rose comb 
Pea comb 
alnut comb 
Blindness 

Bilateral microphthalmia 
Abnormal or missing 
maxillae 

Short upper beak 
Missing mandible 
Short mandible 
Hereditary chondro- 
dystrophy 
Micromelia 
inglessnesa 
Crooked neck dwarf 
Dark Cornish short leg 
Sex-hnked dwarfism 
Autosomal dwarEsm 
Creeper 

Hereditaiy complete 
nimplcssness 
Hereditary recessive 
rumplessness 
Talpid embiyos 
Pol>dactyly 
Diplopodia 
nrachydact>l} 

Multiple spurs 
Divided uropj gial gland 
papilla 


Dominant or Recessive 
Recessive to normal wing 
Dominant to normal feathering 
Dominant to single comb 
Dominant to smgle comb 
Dominant to rose, pea, and smgle comb 
Recessive to normal eye 
Recessive to normal condition 
Recessive to norma! condition 

Recessive to normal beak 
Recessive to normal condition 
Recessive to normal condition 
Recessive to normal condition 

Two pairs complementary recessives 
Recessive to normal w mgs 
Recessive to normal condition 
Dominant to norma! condition 
Recessive to normal condition 
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Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 


PROBLEMS 


1 M’hat IS the difTcrence lx*tween '“ilkj and fnrzletl plumage and what re«i)ec 
tive genes insoUciI are rc«pon«d)!e for tlio<c tjpes of plumage? 

2 Tell what genes arc rt^pon'iLIe for frajotl fcathonng fliglitlcvhnesH, rigged 
wing, stnngj feathers, and ropj feather' and deenbe each condition 

3 M hat is the dilTcrence Iwtwecn nakedness and nptera lo'sis'^ 

4 Di'scU'S the inheritance of congenital baldness and cre^t 

'} Discuss the rclafionohip among the following three traits carlj, late, and slow 
feathering 

C Wliat tjjH. of comb will th< off'-pnng of each of the following m itings 


Rr rP X rr Pp 
ItR Pp X rr Pp 
Rr Pp X Rr pp 
rr PP X Rr pp 


Rr pp X rr Pp 
rr PP X Rr Pp 
Rr l*p X Rr Pp 
rr Pp X Rr PP 



Problems 


167 


TABLE 5 — Continued 

Dominant and Recessive Morphological Characters 


Character 
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Rose comb 
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Multiple spurs 
Divided uropj gial gland 
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Dominant to normal condition 
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Dominant to normal condition 


Autosomal 
or Sex- 
Linked 
Autosomal 
Autosomal 
Autosomal 
Autosomal 
Autosomal 
Autosomal 
Autosomal 
Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 

Autosomal 
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6 • Gene Linkage and 
Blood Group Antigens 

In this chapter is presented a brief discussion of two rather specialized 
fields of work of somewhat limited interest to most readers of this book. 
Determining linkages is of fundamental importance to geneticists, and, 
although up to the present most of the linkages that have been deter- 
mined pertain to genes of relatively little significance to the great 
majority of poultry breeders, the day may come when some of these 
genes are shown to be linked with genes affecting quantitative charac- 
ters. The problem of blood group antigens opens up a new field of 
investigation, the results of which some day may have considerable 
significance in certain aspects of poultry breeding. 

LINKAGE 

One of the fundamental principles of Mendelian inheritance—the 
independent assortment of the genes~has been fully discussed in Chap- 
ter 3. Dominance and recessivencss have been shonm to be clear-cut 
in many characters. The independent assortment of the genes has also 
been found to hold good in respect to many pairs of genes, giving the 
3 : 1, the 9 : 3 : 3 J 1, and other ratios in the F 2 generations. 

On the other hand, many cases have been established in which inde- 
pendent assortment of the genes docs not take place, so that in the 
generation a normal Mendelian ratio is not obtained. In several in- 
stances in the domestic fowl when parents differing m two pairs of 
characters have been crossed, the F 2 generation, instead of consisting 
of a 9 : 3 ; 3 : 1 ratio, contains an excess of birds having the same com- 
bination of characters as the original parents and a relatively small 
number of birds showing the new combination of characters. 

Tlie Principle of Linkage. These apparently abnormal Fj ratios 
are due to the phenomenon known as linkage, which means simply that 
genes giving rise to certain characters tend to remain together instead 
of assorting themselves independently of each other when the gametes 
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generation a normal Mendelian ratio is not obtained. In several in- 
stances in the domestic fowl when parents differing m two pairs of 
characters have been crossed, the F 2 generation, instead of consisting 
of a 9 : 3 ; 3 : 1 ratio, contains an excess of birds having the same com- 
bination of characters as the original parents and a relatively small 
number of birds showing the new combination of characters. 

Tlie Principle of Linkage. These apparently abnormal Fj ratios 
are due to the phenomenon known as linkage, which means simply that 
genes giving rise to certain characters tend to remain together instead 
of assorting themselves independently of each other when the gametes 
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Owing to the fact that some character are dominant over others 
the F 2 ratio does not give a direct index of the kinds of gametes produced 
by the birds of the Fi generation in cases of linkage But a backcross 
of an F] bird heterozygous for each of t^vo pairs of genes to the parent 
with both pairs of genes in a homozygous recessive condition provides 
an accurate index of the constitution of the gametes of the heterozygous 
Fi bird 

The Principle of Crossing Over. Genes that are located m the 
same chromosome, whether it be autosome or sex chromosome, should 
always be inherited together as linked genes if the chromosome remains 
intact in inheritance But it has been observed previously that linkage 
IS rarely complete, thus indicating that frequently the chromosome is 
not inherited intact Investigational work has established the fact 
that the gametes go through various stages of development and division 
in order that a gamete from the male may unite with a gamete from 
the female During one of these stages of development, each chromo- 
some of a pair lies side by side and, occasionally, instead of separating 
intact, there may be an interchange of parts of the same pair of chromo- 
somes, hence the suggestion that crossing over takes place The genes 
of one chromosome are said to cross over to the other chromosome of 
the pair 

Determining Linkage Value The amount of crossing over that 
takes place is determined by the degree of linkage, or the degree of 
linkage is determined by the extent to which crossing over takes place 
Regardless of which is cause and which is effect, crossing over is the 
corollary of linkage 

Each pair of linked genes exhibits a characteristic proportion of non- 
crossovers and crossovers, the degree of linkage being determined in 
terms of the percentage of crossovers in the gametic senes This is 
called the linkage value 

Under independent assortment the genes are transmitted independ- 
ently of each other and the various combinations are approximately m 
equal numbers whereas under linkage the noncrosso\ ers are ah\ aj s 
more numerous than the crossovers Linkage may vary from slightlj 
over 50 per cent to nearly 100 per cent noncrossovers of the total num- 
ber of progeny This is another waj of saying that crossing over may 
vary from about 50 per cent to less than 1 per cent In other v\ords, 
linkage strength vanes inversely as the crossover value increa'^cs 

The results m the To generation can be predicted for any cross ini Giv- 
ing linkage, provided that the linkage value is knou-n, the linkage value 
being most rcadilj determined bj backcrossing 
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Mapping the Chromosomes 


comb, the crossing-over percentage being as low as 0 38 per cent The 
genes involved are, therefore, close together on the chromosome 
The results of studies conducted by Taylor (1934) on linkage between 
the genes for Creeper and single comb are in close agreement with those 
of Landauer Taylor observed 0 59 per cent crossing over in Creeper 
females and 0 40 per cent crossing o\er in Creeper males The results 
secured by Landauer and Taylor confirm the observation on linkage 
between these genes onginally made by Serebrovsky and Petrov (1928), 
although their results indicated approximately 8 per cent crossing over 
Of the total number of 9494 gametes tested by Landauer and Taylor 
there were 38 crossovers, giving a crossing-over percentage of 0 4 

Hutt (1932) descnbed a mutation of the uropygial gland, the domi- 
nant gene XJ causing a division of the papillae of the gland Hutt (1936) 
observed a crossing-o\er percentage of 29 6 between the U and R, the 
gene for rose comb (see Fig 65B) The genes for Creeper, rose comb, 
and the uropygial mutation are linked together, the Creeper and comb 
genes being very close together, but which is nearest the uropygial 
mutant gene has not been determined 

In Fig 65 are shown the proposed arrangements of groups of genes 
on each of six different chromosomes, including groups A and B, which 
have already been mentioned Groups A to E, inclusive, represent 
linkage groups in five autosomes Group F represents a linkage group 
m the sex chromosome 

In autosome A, the linkage group includes Cr, crest, I, dominant 

white as in White Leghorns, F, fnzzled plumage 

In autosome B, the linkage group is Cp, Creeper, R, rose comb, U, 


divided uropygial papillae T^ j i u nr 

In autosome C, the linkage group includes D, duplex comb, M, 
multiple spurs, Po, polydactyly, Po", duplicate polydactyly 

In autosome D, the linkage group includes h, silky, and FI, flightless 
In autosome E, the linkage group includes 0, blue egg, P, 
ma, marbling, Na, naked-neck, although Warren (1938) stated that Na 

is m the D group With and Ff , , u i * t 

In sex chromosome F, the linkage group includes Ko, no head streak, 
sd, diluted color, B, barring as in Barred Pbmouth Rocks, /d, inhibitor 
of dermal melanin, Br, bronm eye, U, light dorni, S, sihcr. A, late 

^"xtse mterested m this specialized subject of linkage should consult 
the literature references cited at the end of this chapter, cspeciallj Hut 


(1949) and Warren (1949) 
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PROBLEMS 

1 ■\Vhat IS the relationship between linkage and crossing over? 

2 Outline a breeding project with a view to determining the linkage strength 
between two genes whose linkage strength has not yet been determined 

3 ■\\Tiat IS the relationship between two genes when (1) there is no crossing over 
and when (2) there is 50 per cent crossing over? 

4 From the information given concerning the numbers of chromosomes in the 
domestic fowl, how many linkage groups should it be possible to establish m the 
male and in the female? 

5 What arc some of the practical aspects involved in linkage? 
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7 • Fertility 
and Hatchability 

The economic loss resulting from poor fertility and Ion hatchability 
m breeding flocks in the United States amounts to several million dol- 
lars every jear Except for their use as fertilizer or for certain othei 
purposes, infertile eggs and dead embryos have practically no salvage 
value Whatever can be done, therefore, to secure a higher percentage 
of fertility in hatching eggs and a higher percentage ° ^ ^ ^ , 

of the fertile eggs should be of direct benefit to poultry breeders and 

hatchery operators 

FERTILITY 

Many factors affect fertility, several of them under 
the poultry breeder whether he be a pedig.ee breeder or a hatchery 
flock oivnTr Factors affecting semen production and ts fl^uahty^and 

the site of fertilization have been percentage 

Sion m this chapter pertains largely to iactors ance b 

of fertile eggs produced under different trated that the 

Detecting Fertility. Olsen and lOiox (1938) demonstra 

fertility of incubated eggs could be dotecte a er fertility m 

Kosin (1944, 1945a) developed spot” iiitl. the 

broken-out umneubated eggs by end staining v.th 

naked eye or under the microscope, a of disinte- 

alum cochineal In infertile .s ,n a relat.velj rapid 

gration, whereas m fertile eggs the bla infertile eggs 

^tate of development Kos.n (19455) shoued that m 

Parthenogenic cleavage occurs quite ^ , modified, uas able to 

, Gone (1950), using Kosm’s technique slightly 

distinguish fertile from infertile cg^ l„™neratcd and died licforo 
He showed that blastoderms which ha ® ‘ (gnsnc of infertile 

oviposition occurred appeared as bias o is jfunro and Kosin 

oggs, thus confirming the original o techniques should be 

(1945) and Blj th (1945) The Kosm and Gone 
185 
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males exposed to 12 or more hours of light daily made significantly 
greater gains m semen production than males exposed to less than 
1 hour of light daily 

Nutrition. Under normal conditions ^\lth properly balanced diets, 
fertility is not liable to be adversely affected Ho^\ever, greatly reduced 
feed consumption for a considerable period will reduce fertility to a 
marked extent, as Parker and McSpadden (1943&) have shown 

Hormones. Accordmg to the results secured by Shoffner and Smyth 
(1944) and Hays (1945), sexually inactive males may be stimulated 
bv the gonad-stimulating hormone m pregnant mare’s serum Andrews 
and Scbnetzler (1945) and McCartney and Sbaffner (1950) observed 
that feeding hens a ration containing 0 2 per cent thiouracil had no 
adverse effect upon fertility On the other hand, reduced fertilizing 
capacity of the semen of males treated with thiouracil was obser\ed 
by Shaffner and Andrews (1948) Similar results were reported bv 
Shaffner (1948) for males fed thyroprotem, although this was not con- 
firmed by Huston and Wheeler (1949) The fertility of eggs produced 
by hens fed thyroprotem was not adversel> affected, accordmg to 
Wheeler and Hoffmann (1948) and McCartney and Shaffner (1950) 
Males in Batteries and Coops Parker, McKenzie, and ICempster 
(1940) observed that breeding males kept in batteries were less active 
sexually than males kept in breeding pens Palafox (1948) obtained a 
fertility of CO 1 per cent of eggs laid by ^Vhlte Leghorn pullets that were 
mated to cockerels kept in wire-floored coops and 80 3 per cent fertility 
from the same pullets mated to males m breeding pens 
Age of Breeders. That fertility tends to decline with increasing age 
of the breeding stock is the general experience of poultry breeders 
Observations at various research centers varj somewhat, limited num- 
bers of birds apparentlj being a factor m some cases Results sccurcfl 
hj Martin and Insko (1934), lull (19355), Hajs and Sanborn (1939) 
and Insko, Steele, and Wightman (1947) indicate that fertility appar- 
cntlj decreases relativclj more rapidly with increasing age after tlio 
first jear in males than m females 

Social Dominance. Everj breeding flock has its own social organi- 
zation Guhl, Colhas, and Alice (1945) and Gulil and Warren (lOIfi) 
demonstrated tliat sociallv dominant males mated more frcqucntl> and 
‘Sired more offspring than did (heir •socialb inferior brethren 

rrmllc«i«» "Mating**. Parker, McKenzie, and Kempster (1942) ro- 
(orded an average of 1 37 matings per 15-minutc period h\ New Hamp 
slure males Imt no ‘-omen was recovered from 1 1 j>er cent of tlie npp ir- 
cntlv normal attempts at mating 



Fruitless Matings 187 

males exposed to 12 or more hours of light daily made significantly 
greater gains m semen production than males exposed to less than 
1 hour of light daily 

Nutrition. Under normal conditions with properly balanced diets, 
fertility is not liable to be adversely affected However, greatly reduced 
feed consumption for a considerable period will reduce fertility to a 
marked extent, as Parker and McSpadden (1943&) have shown 

Hormones. Accordmg to the results secured by Shoffner and Smyth 
(1944) and Hays (1945), sexually inactive males may be stimulated 
bv the gonad-stimulating hormone m pregnant mare’s serum Andrews 
and Schnetzler (1945) and McCartney and Shaffner (1950) observed 
that feeding hens a ration containing 0 2 per cent thiouracil had no 
adverse effect upon fertility On the other hand, reduced fertilizing 
capacity of the semen of males treated with thiouracil was obser\ed 
by Shaffner and Andrews (1948) Similar results were reported bv 
Shaffner (1948) for males fed thyroprotein, although this was not con- 
firmed by Huston and Wheeler (1949) The fertility of eggs produced 
by hens fed thyroprotein was not adversely affected, according to 
Wheeler and Hoffmann (1948) and McCartney and Shaffner (1950) 
Males in Batteries and Coops Parker, McKenzie, and ICempster 
(1940) observed that breeding males kept in batteries were less active 
sexually than males kept in breeding pens Palafox (1948) obtained a 
fertility of 00 1 per cent of eggs laid by ^Vhlte Leghorn pullets that were 
mated to cockerels Kept in wire-floored coops and 80 3 per cent fertility 
from the same pullets mated to males in breeding pens 

Age of Breeders. That fertility tends to decline with increasing ago 
of the breeding stock is the general experience of poultry breeders 
Observations at various research centers varj somewhat, limited num- 
bers of birds apparcntlj being a factor in some cases Results scciircil 
bj Martin and Insko (1934), lull (19355), Hajs and Sanborn (1939) 
and Insko, Steele, and Wightman (1947) indicate that fertility appar- 
cntlj decreases relativclj more rapidly with increasing age after tlio 
first jear in males than m females 

Social Dominance. Everj breeding flock has its own social organi- 
zation Guhl, Colhas, and Alice (1945) and Guhl and Warren (lOIfi) 
demonstrated tliat sociallv dominant males mated more frcqucntl> and 
‘Sired more offspring than did (heir ‘social^ inferior brethren 

rrinllc<5«» 'Mating^*. Parker, McKenzie, and Kempster (1942) ro- 
(onled an average of 1 37 matings per 15-minutc ponod b\ Now Hamp 
sluro males Imt no •'Omon was recovortKl from 1 1 j>or cent of tlio appir- 
cntlv normal attempts at mating 



Artificial Insemtnahon 


189 


Is Fertility Inherited? The problem of determmmg ^\hether fer- 
tility IS inhented is complicated by the fact that fertility is affected by 
several environmental factors and by the individuality of the breeding 
males and females Also, some of the differences of opinion that have 
been held vith respect to the inheritance of fertility may have been 
due to the fact that in some cases eggs containing dead blastoderms 
were classified as infertile eggs 

The data of Jull (1935a) and Blyth (1945) indicated that fertility is 
inhented On the other hand, the results secured by Hays (1950) and 
several earlier investigators indicated that fertility is not inherited 
According to Bernier, Taylor, and Gunns (1951), “The fertility of 
matings appears to be a property of the parents and not of the prospec- 
tue zygotes resulting from the mating ’ At any rate, except for elimi 
nating certain low -fertility individual males and females from breeding 
pens, it is doubtful whether the fertility factor should be included m a 
poultry breeder s program of family selection and progeny testing 

White Wjandottes. Hutt (1940) suggested that the relatuely low 
fertility often encountered m White Wyandottes is probably due to the 
fact that a relatively higher number of individuals give \ery low fer- 
tilitj as compared with other breeds Munro (194G), while agreeing 
that White Wjandottes on the average arc relatively poorer m fertihtj 
than some other breeds was of the opinion that, among the strains of 
White Wjandottes he studied, environmental factors were more im 
portant than inheritance with respect to differences in fertilitj It 
seems possible that the relativelj short back characteristic of exhibition- 
Ijpe ^VhIle WjandoUes, maj have been a iactor mvobed in ^o\\ 5cr- 
tility in certain strains studied Both Ilutt and Munro sho^^cd tliat 
some strains of White Wjandottes were quite high m fertility Manj 
\Miite \\jandotte flocks in Arkansas kept for the production of hatch- 
ing eggs for broiler chicks give good fcrtihtv 

Selective Fertilization Ob«:ervations of v anous workers (Bonnier 
ind Tnilsson 1939a, Pjenson 1939, and Parker, McKenzie, and Kemp 
stcr 1942) indicate quite cloarlv that in certain cases the eggs of a female 
maj be fertilized rcadiK bj the sperm of one male Imt not bv the sperm 
of another male 

Artificial Iimcmiiiation TIic procc<lurc> inv oI\ cd in «ociinng ‘•emen 
from males and in'cmmating females have been dc^cnlitd In Qinnn 
and Iliirrous (193G) and Burrows and Quinn (1937 193S 1939) Pirkcr 
(1939) (Ic'cnhcKl an avian ‘'cmcn collector heeler (19 IS) de-cril)fd 
V one-man tcchnuiuo for collecting cliuken ‘•emen thus u mg one m m s 
time as compared with tlie Burrowsand Qumn technujne which ricjiurc'’ 
tlic ‘•erv ices of two men 
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due to the fact that in some cases eggs containing dead blastoderms 
were classified as infertile eggs 

The data of Jull (1935a) and Blyth (1945) indicated that fertility is 
inhented On the other hand, the results secured by Hays (1950) and 
several earlier investigators indicated that fertility is not inherited 
According to Bernier, Taylor, and Gunns (1951), “The fertility of 
matings appears to be a property of the parents and not of the prospec- 
tue zygotes resulting from the mating ’ At any rate, except for elimi 
nating certain low -fertility individual males and females from breeding 
pens, it IS doubtful whether the fertility factor should be included in a 
poultry breeder s program of family selection and progeny testing 

White Wjandottes. Hutt (1940) suggested that the relati\ely low 
fertility often encountered in White Wyandottes is probably due to the 
fact that a relatively higher number of individuals give \ery low fer- 
tilitj as compared with other bieeds Munro (19-16), while agreeing 
that White Wjandottes on the average arc relatively poorer in fertihtj 
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White Wjandottes he studied, environmental factors were more im 
portant than inheritance with respect to differences in fertilitj It 
seems possible that the relativelj short back characteristic of exhibition- 
tjpe \STiite Wjandottes, maj have been a factor involved in low fer- 
tility m certain strains studied Both Ilutt and Munro showed that 
some strains of White Wjandottes were quite high m fertility Manj 
\Miite \\jandotte flocks in Arkansas kept for the production of hatch- 
ing eggs for broiler chicks give good fertihtv 

Selective Fertilization Ob'^ervations of v anous workers (Bonnier 
ind Tnilsson 1939a, Pjenson 1939, and Parker, McKenzie, and Kemp 
stcr 1942) indicate quite clcarlv that in certain cases the eggs of a female 
maj be fertilized rcadiU bj the sperm of one male but not bv the sperm 
of another male 
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from males and in'cmmating females have been dc^cnlitd bv Qumn 
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(1939) dc'cnhcKl an avian «cmcn collector heeler (19 IS) de*>crjl)f(l 
V one-man technique for collecting chicken ‘•emen thu‘' u mg one m in s 
time o-s compared with the Burrows and Qmnn tcthniquc winch rccjuirc^ 
tlic ‘•erv icca of two men 
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son and Warren (1936), Hays and Sanborn (1939), and Lamoreux (1940) 
are sufficient to show that the pedigree breeder should consider the 
possibility that relatively low fertility in a single-male breeding flock 
may be due to excessive infertility on the part of certain females. 

Stud mating, which consists in mating females to a male kept in a 
coop, would be one means of overcoming the problem of low fertility 
due to preferential matings. Nicolaides (1934) reported as good fer- 
tility from stud matings as from pen matings, but Bird (1937), Jeffrey 
(1944), and others have reported relatively unsatisfactory results from 
stud matings. 

Multiple-male breeding flocks consist of several males mated to vary- 
ing numbers of females. Too many males in the flock may actually 
result in decreased fertility because of excessive fighting. Byerly and 
A. B. Godfrey (1937) reported that, beyond a minimum of about fifteen, 
as number of females per male increased, fertility tended to decrease 
in a linear fashion. Parker and Bernier (1950), reported two cases in 
which a single New Hampshire cockerel gave 73 and 83 per cent fertility, 
respectively, w'hen mated to approximately 100 females; these wore 
exceptional cases. In several instances, as few as three to five cockerels 
gave over 90 per cent fertility, but it w’as ob.scrvcd that in order to main- 
tain a satisfactory level of fertility it was necessary to use six to seven 
cockerels per 100 females. 

Onset and Duration of Fertility in Natural Mating^* That a 
fertile egg may be produced shortly' after copulation takes place has 
been demonstrated by the following investigators, the number of hours 



Days at!er ms^es put in the flochs 

Fkj r.<'i Th«* iwrin.1 of titiir rf^iuiMiito M-nm* mixtrnum a rtilitj. . fn>fn tfi' tirn** tlic* 
iuxlr-. w, n* in tin* |*« n*. iii nLiti«m to tfi«* miml- r of mn!'-* p* r IdO 

lUniuf, I*' VI i 
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uate more precisely than previous investigations the precise relationship 
between fertility and hatchability, indicate that hatchability and fer- 
tility are biologically independent. 

Egg Size. The fact that the largest eggs produced by a flock usually 
give a lower percentage of hatchability than the average size of egg for 
the flock was demonstrated by Warren (1934) and A. B. Godfrey (193G). 
Other investigators have shown that very small eggs hatch poorly but 
that eggs somewhat smaller than the mean egg size of the flock hatched 
better than excessively large eggs. Skoglund, Tomhave, and Mumford 
(1948), in a study involving over 25,000 New Hampshire fertile eggs, 
secured the following results: 

Egg size, ounces per dozen 18 20 22 24 26 28 30 

Percentage of fertile eggs hatched 69 88 90 92 89 86 78 

Olsen and Haynes (1949), in a study of ^^^litD Leghorn eggs, obtained 
a hatchability of approximately 71 per cent from eggs weighing 05 grams 
or more, 80 per cent from eggs neighing 45 grams or less, as compared 
with approximately 87 per cent from eggs weighing from 40 to 04 grams. 
It need only be mentioned here that a 2-ounce egg (24 ounces per dozen) 
is equivalent to 50.7 grams. 

Egg Shape. Marble (1943) pointed out that egg shape is quite uni- 
form for eggs laid by an individual bird. Variations in shape that 
normallj' occur among the eggs of a hen do not nfTcct Iiatchability, as 
sliown by .lull and Haynes (1925), Hays and Snml)aido (1927), and 
Skoglund (1951). Olsen and Haynes (1949), liowevor, secured a hatcli- 
ability of only 49 per cent from misshapen eggs, ns compared with a 
hatcliability of 87 per cent from normally shaped eggs laid l>y the .same 
flock. 

Proportion of Allniiiicn to Yolk. Scott and Warren (1911) ob- 
ser\'cd that eggs in which the proportion of albumen to yolk vas 2 to 1 
gave a better hatclialullty than eggs which liad a higher or lover pro- 
portion of tlic«o tvo parts of the egg. 

ICgg Eniilt^. Hainan (193.5) *.tate<I that the tendency to lay eggs w jth 
faults, sucli ns largo air cells and weak .shells, appeared to he cliarac- 
teristic of certain birds and str.ilns, OKon and Hayne> (1910) deter- 
mined the hatchability of each of the five following clas.^c'-. of egg^ l.ud 
by a Wliite I.egliorn flock: (I) eggs with poor .‘•helL, including rough- 
ne'». and rough or tliin areas at either end of the egg. 17 fier rent 
(2) eggs with large blood el<it«« and eggs in whieh bliKxl Ind difTo^itl 
throughout the contents of the egg, 71 ixt <ent : (.3) i-ggs with nn-plansi 
air cells, r»S iht cent : (1) eggs with Ioom*. movable air tolN, .32 jx-r cent . 
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Relative Influence of Sire and Dam 

found, in general, that the darker the shade of pigment, the better the 
hatchability On the other hand, Brooks and Ellis (1948), quoted by- 
Godfrey and Jaap, and Skoglund (1950) ^^e^e unable to find any rela- 
tionship between shell color and hatchability in high-hatching strains 
Funk and Forward (1949) reported the following hatchability percent- 
ages in their strain of New Hampshires Hens laying light bro^vn-shelled 
eggs, 57, hens laying medium brown-shelled eggs, 68, and hens laying 
dark brown-shelled eggs, 77 These data indicate that the differences 
in hatchability were due to the genetic differences among the three 
groups of hens rather than to shell color 

Rate of Lajing. Several investigators, including Jull (19316), 
Byerly, Titus, and Elhs (1933), Funk (1934), and Bernier, Taylor, and 
Gunns (1951) have shown that the eggs of birds that lay at a high rate 
just before and during the period that eggs are being incubated tend 
to hatch better than the eggs of birds that lay at a low rate Funk 
(1939) found that the eggs of hens laying from two to six eggs per clutch 
hatched better than the eggs of hens laying one egg per clutch Also, 
the eggs of hens laying four to six eggs per clutch hatched better than 
eggs of hens laying two eggs per clutch Hays (1938) showed that the 
longer the interval betw een clutches, usually the low er the hatchability, 
from which it was suggested that “birds producing clutches at frequent 
intervals are likely to produce eggs of high hatchability ” 

Position of Egg in Clutch. It was found by Bernier, Taylor, and 
Gunns (1951) that the hatchability of the eggs of intermediate clutch 
positions between the first and last eggs of clutches was significantly 
higher than the hatchability of the first and last eggs of clutches 

Hour of Laying. The hatchability of eggs laid before 8 o’clock m 
the morning and after 2 o’clock in the afternoon was lower than the 
hatchability of eggs laid between 8 am and 2 pm in studies made by 
Bernier, Taylor, and Gunns (1951) 

Age of Breeders. Results secured by Hays and Sanborn (1924), 
Axelsson (1932), Warren (1934), Funk (1934), and Jull (19355) are in 
agreement in showing that the hatchability of eggs laid by pullets is 
usually slightly m excess of the hatchability of yearling females Hyre 
and Hall (1932) compared the hatchability of the eggs of the same group 
of yearling females used again as 3-year-oIds, 4-year-oIds, 5-j ear-olds, 
respectively, and observed a slightly lower hatchabilitj each succeeding 
year Similar results were secured by Hays and Talmadge (1949) 
Relative Influence of Sire and Dam. Hatchability genes are trans- 
mitted by the sire and dam to their offspring, but the hatchabilitj of 
eggs laid by a dam is influenced bj the diets she is fed and hj phjsio- 
logical disturbances of her own organism which affect the composition 
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The coefficient of inbreeding is a measure of the degree of relationship 
beUveen sire and dam and is expressed in terms of a percentage Knox 
(194G) pointed out that coefficients of inbreeding serve a useful purpose 
as a statistical measure of the homozygosity of a large gene complex 
How to determine the coefficient of inbreeding is discussed m Chapter 
12, together vith the formula for determining the amount of inbreeding 
A decline in hatchabihty following close inbreeding has been reported 
by Cole and Halpin (1916, 1922), Dunn (1923a, 1928), Goodale (1927), 
Warren (1927-28, 1934), Jull (1929a, 19296), Dumon (1931), Dunkerly 



Per cent inbreedmg 

Fig 67 Showing tlie trend m the average percentage of fertile eggs hatched for all 
inbreds and for those inbreds chosen to be parents, together with the number of 
birds in each group (Waters and Lambert ]93Ga) 

(1930), and Byerly, Knox, and Jull (1934) However, by the rigid 
selection of breeding stock on the progeny-test basis, Waters (1945) 
Waters and Lamoert (1936a, 19366), and Knox (1946) developed inbred 
lines that maintained relatively high hatchabihty 

The deleterious effects of inbreeding on hatchabihty that usually 
result, when selective breeding for high hatchabihty is not practiced, 
have been shown to be due largely to increased embryonic mortality 
during the first 4 and especially the last 3 dajs of incubation This is 
borne out by the observations of Bronkhorst (1933), Byerly, Knox, and 
Jull (1934), and others 

Shoffnor (19486) studied the effects of the intensity of inbreeding on 
hatchabihty in nine inbred lines, including White Leghorns, White 
Pl> mouth Rocks, and New Hampshircs Some lines were inbred as 
much as 00 per cent whereas other lines approached zero inbreeding 
The results secured led Shoffner to conclude that for each 10 per cent 
increase in the coefficient of inbreeding, hatchabihty decreased 4 4 
per cent, on the average Wilson (19486) observed that the inbreeding 
of the dam seemed to liaie greater effect on hatehabihty than the m 
breeding of the offspring 
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Crossbreeding Effects on Hatchahihty 

by virtue of the fact that the crossbred progeny is endowed with more 
desirable genes, some m a homozygous condition, than either of the 
parental breeds that w ere used in the cross 

Horlacher, Smith, and Wiley (1941) and Warren (1942) showed the 
extent to which hatchability was improved in various crossbred matings 
It should be kept m mind that in each of these matings only one male 
was used Some of their results are given in Table 6 

TABLE 6 

Effects of Crossbreedivo on Hatchability 

Hatchability 


Kind of Mating per cent 

Horlacher, Smith, and Wiley (1941) 

Rhode Island Red purebred matings 77 

White W yandotte purebred matings 79 

Rhode Island White purebred matings 93 

Barred Plymouth Rock purebred matings 79 

hite Plymouth Rock purebred matings 73 

Rhode Island Red male X White Wyandotte females 83 

White Wyandotte male X Rhode Island Red females 84 

White Wyandotte male X Rhode Island White females 90 

White Wyandotte male X 'White Plymouth Rock females 63 

White Plymouth Rock male X Barred Plymouth Rock females 89 

Warren (1942) 

White Leghorn purebred mating (strain ir) 61 

Barred Plymouth Rock male X ^Vhlte Leghorn females (strain IP) 80 

Wlute Leghorn purebred matings (strain E) 84 

Barred Plymouth Rock male X White Leghorn females (strain E) 86 

White Leghorn purebred matings (strain K) 71 

Barred Plymouth Rock male X White Leghorn females (strain K) 80 


The data m Table 6 are quite consistent in showing that in most 
cases crossbreeding increased hatchability The 93 per cent hatcha- 
bility of the Rhode Island Whites of Horlacher, Smith, and Wiley 
would be difficult to improve upon by crossing them with eien the best 
inbred line available It must be kept in mind, of course, that too much 
emphasis should not be attached to data involving single-male mating 
flocks 

Knox, Quinn, and A B Godfrey (1943) o\cr a period of 4 years made 
sc\eral matings of purebred Rhode Island Reds, Light Sussex, and 
White Wyandottes and of crosses between Rhode Island Red males 
and Light Sussex females and between Rhode Island Red males and 
While Wyandotte females Tlic hatchability percentages were as fol- 
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nizable and can readily be dispensed with (embryos homozygous for 
the Cp gene never hatch) 

With respect to autosomal recessive genes, it must be remembered 
that their presence in poultry stocks has been discovered largely through 
inbreeding Under ordinary circumstances, a poultry breeder is not 
liable to recognize the deletenous effects of a recessive lethal gene in a 
homozygous state unless the embryonic mortality from a given mating 
IS quite high In any gnen mating that produces embryos nhich die 
from the effects of recessive lethals m a homozygous state, it is obvious 
that both parents are heterozygous for the gene The poultry breeder 
who desires to eliminate the lethal from his flock should dispense with 
not only the “carrier” parents but also all their progeny because two- 
thirds of them are also heterozygous for the gene 

Recessn e lethal genes, by and large, are probably rather w idespread 
in poultry stocks, and unless inbreeding is practiced they will probably 
have little effect on hatchabihty, except in the case of a recessive lethal 
gene having a slight semilethal effect m a heterozygous condition 

Breeding to Improve Hatchabihty. The discussion m the second 
part of this chapter has dealt with genes determining the level of hatcha- 
bility and has not considered the effect on hatching results of such 
factors as the conditions under which eggs are held before incubation 
and methods of incubation 

From the evidence presented in this chapter concerning the relation 
ship between hatchabihty and such characters as egg size, specific 
gravity, shell thickness, 14-day-egg-w eight loss during incubation, and 
rate of laying all of which are hereditary, it is apparent that many 
genes determine the percentage of fertile eggs that hatch In addition 
lethal genes, when present in a homozygous condition, reduce hatch- 
ability Any poultry breeder who desires to eliminate lethal genes that 
may be discovered in his flock would need to practice progeny 
testing 

The results secured from different intensities of inbreeding indicate 
that hatchabihty is inherited The results secured from crossing inbred 
lines show that strains and inbred lines differ with respect to the genes 
they carry that determine hatchabihty The impro\ement in hatcha- 
bility that usually results from crossbreeding especially when the 
parental breeds are noted for low hatchabihty, suggests quite clearlj 
that heterosis is genetic in nature 

It has been demonstrated that males differ among thomsohes with 
respect to their abilitj to transmit high hatchabilitj to their progen 3 
Females also ha\c been shown to differ among themscUcs with respect 
to their abihtj to transmit liigh hatchabihtj to their progenj 
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8 * Viability 

In all countries, losses from disease in poultry flocks are of paramount 
importance, not only ^\lth respect to the birds that die after having 
consumed various amounts of feed, depending upon age at death, but 
also A\ith respect to the monetary loss resulting from retarded growth, 
lower meat value, and decreased egg production of many of the birds 
which survive the attacks of disease organisms 
Contagious and Noncontagious Diseases. A disease may be in- 
fectious or noninfectious, the difference depending upon whether the 
disease is due to an infectious agent The pullorum disease is infectious, 
whereas a disease resulting from vitamin deficiency is noninfectious 
From the standpoint of their transmissibihty, diseases are referred to 
as contagious or noncontagious, the difference depending upon whether 
they can be transmitted to a susceptible bird Avian leukosis is a con- 
tagious disease, whereas perosis is a noncontagious disease 
Three Methods of Disease Control. Three possible methods of 
cowttQl ate available to poultrymea The hr&t is sanitation 
The second is through the use of therapeutic agents The third is 
breeding for resistance to disease Hutt (1938a) observed that the 
major portion of the laymg-pullet mortality that normally occurs is 
due to diseases that are not amenable to sanitation, immunization, and 
the elimination of carriers and exposed birds Brandly and Wateis 
(1942) pointed out that the modem concept of disease recognizes the 
interdependence of the three following variables (1) the inherited 
capacity of the host to resist disease, (2) the relative virulence of the 
disease-producing organism, and (3) the environment, which maj 
materially influence the reaction of the host and the pathogen 

Breed DifTerences in Viabilitj. It has been established that cer- 
tain breeds differ from others with respect to their ability to withstand 
unfavorable environmental conditions Benedict, Landauer, and Fox 
(1932) showed that the homoz>gous Frizzle fowls lose much more bod\ 
heat than normal fowls and suffer much greater mortalitj at \eo lo" 
temperatures Hutt (1938&) showed that leghorns suffer much Ic^s 
mortalitj than general-purpo^JC breeds wlien the temperature is e\ces- 
200 
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Egg Production and Viability 

supplied evidence indicating that females are more viable than males 
Insko, Steele, and Wightman (1947) carried on a breeding program ’i\ith. 
White Leghorns and Rhode Island Reds involving females of various 
ages up to 7 years and males consisting mostly of cockerels Productive 
longevity was the primary factor studied, certain egg production, egg 
shape and weight, hatchability, and other qualifications serving as the 
bases upon which breeding stock was selected each year Egg produc- 
tion, fertility, and hatchability declined progressively after the first 
year, but those hens w hich qualified for several years declined less rapidly 
than did hens that qualified for only 2 or 3 years 

Egg Production and Viability. From an analysis of viability data 
in the Suffolk laying tnals in England from 1930 to 1935, inclusive, it 
was observed that, among the birds entered by 20 different poultry 
breeders, the birds entered by 12 poultry breeders had a viability of 
93 per cent, whereas the birds entered by the other 8 poultry breeders 
had a viability of 80 per cent 

Platt (1936) showed that among White Leghorns entered in the Vine- 
land Egg Laying contests from 1918 to 1933, inclusive, the mortality 
during the first 3 years varied from 6 48 to 11 25 per cent, whereas 



Year beginning 

Fig G8 A%emge egg production and mortalitj during -18 necks among pullefi 
entered in Hi mg tmll from 1022 23 to 1030-37 al Harper Adami Acricullural 
College Xe^\port Salop Ingland (Hutf, ID3So ) 
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Insko, Steele, and Wightman (1947) carried on a breeding program nith 
White Leghorns and Rhode Island Reds involving females of various 
ages up to 7 years and males consisting mostly of cockerels Productive 
longevity was the primary factor studied, certain egg production, egg 
shape and weight, hatchability, and other qualifications serving as the 
bases upon which breeding stock was selected each year Egg produc- 
tion, fertility, and hatchability declined progressively after the first 
year, but those hens w hich qualified for several years declined less rapidly 
than did hens that qualified for only 2 or 3 years 

Egg Production and Viability. From an analysis of viability data 
in the Suffolk laying trials in England from 1930 to 1935, inclusive, it 
was observed that, among the birds entered by 20 different poultry 
breeders, the birds entered by 12 poultry breeders had a viability of 
93 per cent, whereas the birds entered by the other 8 poultry breeders 
had a viability of 80 per cent 

Platt (1936) showed that among White Leghorns entered in the Vine- 
land Egg Laying contests from 1918 to 1933, inclusive, the mortality 
during the first 3 years varied from 6 48 to 11 25 per cent, whereas 
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the shorter tlic life of tlie dam, the more liable was her progeny to have 
an excessive death rate and that the quality of the egg laid by dams 
has an effect on progeny viabilitj'. Munro (1936), Bird (1939), and 
Clark (1940) concluded that breeding for high egg production is com- 
patible ^\ith breeding for viability. Ha3's (1949) obsen-ed that mor- 
tality rate by families during their first la3'ing 3ear sho^\ed practically 
no relation to egg production of sundvors 
Tlic “Shaker” Fo\vl. A peculiar nenous di'^order among the prog- 
cn3’ of a Rlimle Island Bed male mated to distantl3' related females 
^\as reported b3’ Scott, Morrill, Alberts, and Roberts (1950) Each 
female produced defccti\c progen3' The results of the mating con- 
sisted of 1C5 normal males, 78 normal females, and 89 “shaker” females 
The original male was subsequentl3' mated to White Leghorn females, 
11 of which produced 27 norma! males, 12 normal females, and 11 
“shaker” females Out of 15 crossbred sires, secured from this second 
mating, mated to normal females, 5 earned the “shaker” gene and 
produced 34 normal males, 23 normal females, and 28 “shaker” females 
The nervous disorder manifests itself b3’ the eighteenth day of age, 
and accurate classification is possible by the fourth week The condi- 
tion involves rapid movements of the head and neck and progressi\ ely 
increasing difficult3' in walking without stumbling The condition is 
due to a loss of cerebellar Purkingc cells accompanied b3' a degeneration 
of those remaining The results secured from the different matings 
indicate that a sex-linked recessive gene is responsible for the condition 
Another Sex-Linked Recessive Lethal. A peculiar nervous dis- 
order among 'White Leghorn female chicks secured from one sire was 
desenbed by Goodwin, Hutt, and Cole (1950) The disorder develops 
from as early as the third week to as late as the eighteenth week and 
is charactenzed by extreme listlessness followed by a complete coma, 
although some chicks exhibit great difficulty in breathing, which may 
or may not be accompanied by muscular spasms The results secured 
from matings involving the onginal sire with related and unrelated 
females, as well as matings involving some of his carrier and noncarner 
sons, indicate definitely that the condition is due to a sex-lmked reces- 
sive gene having lethal effects in females 

Reduced Viability of Males Heteroz3gous for Sex-Linked Re- 
cessive Lethals. Stem and Novitski (1948) presented evidence indi- 
cating that viability is reduced m males carrying sex-lmked recessive 
genes m a heterozygous state 

“Jittery” Chicks. A nervous disorder of chicks manifested by a re- 
traction of the head over the back and accompanied by a rapid shaking 
of the head was reported by Bohren (1950). The character proved to 
be highly lethal, only about 1 per cent of the females reaching maturity 
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of mortality from the same causes Except for eight cases of lympho- 
matosis over a period of 7 years, no recognized infectious fatal iseascs 
^vere encountered 

The SIX inbred lines of Bro^n Leghorns differed among themselves 
m their resistance to \anous disorders In one inbred line, pathological 
conditions associated vith the reproductive system caused 4 per cent 
mortality, vhereas in t^vo other inbred lines there was practically no 
mortality from this source and m another inbred line noted for high egg 
production the mortality due to reproductive disturbances was onij 
1 per cent Practically all cases of cannibalism appeared m one inbred 
line The results secured indicated to Greenwood the heritability of 
resistance to nonspecific disorders 

Genetic Resistance to Avian Diphtheria. Apparently one of the 
first reports that provided evidence that relative resistance to a specific 
disease could be developed by breeding was submitted by Frateur 
(1924) In the case of avian diphthena his rather meager results indi- 
cated that susceptibility was due to a single recessive gene 

Genetic Resistance to “Blue-Comb” Disease This is primarily 
a pullet disease, since cockerels are rarely affected Most of the out- 
breaks occur about the time pullets are ready to lay or have commenced 
laying, especially if hot weather prevails at that time The amount 
of mortality vanes considerably A disturbed physiological condition 
IS involved Cole (1950) presented evidence that different strains of 
White Leghorns differed in degree of susceptibility to the disease and 
that there were significant differences between sire families within a 
strain Also the sires whose progenies were quite susceptible were 
closely related, for the most part The level of mortality in the progeny 
secured from crossing two strains that differed m degree of susceptibility 
was about half way between the level of mortality m the relatively 
resistant and the relatively susceptible strains 

Genetic Resistance to Cecal Coccidiosis Rosenberg (1948) re- 
ported that relative resistance and relative susceptibility to Eimena 
tenella, cecal coccidiosis in chickens, is hereditary Rosenberg 
McGibbon, and Hemck (1948) submitted additional evidence that 
substantiates the original observation Three trials were run of resist- 
ant X resistant matings and three tnals were run of susceptilile X sus 
ceptible matings The percentage of progeny that survived in each 
trial IS given herewith 


VlatinRS Trial 1 Tn il 2 Trn! 3 

Rektively resistant X relatively resistant o2 7 -15 5 44 3 

RelativeJ> susceptible X relativeb susceptible 24 8 14 0 4 G 
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The results of research to develop resistant strains by selection and 
breeding ha\e been moderately successful Roberts and Card ( 1926 , 
1935 , 1936 ) vere the first to report on the hentability of resistance to 
pullorum disease The evidence upon ^vhIch they concluded that resists 
ance to pullorum disease is hereditaiy v^as as follo^\s 

1 Selection -was effective m producing strains that nere more re- 
sistant to infection than vere unselected stocks 

2 The selected stocks consistently maintained their relative resist- 
ance through successive generations 

3 The Fi generation produced by crossing resistant X susceptible 
stocks V as as resistant as the resistant parents 

4 Progeny of the above Fi X resistant stock vas significantly more 
resistant than vas the progeny of the Fj X susceptible stock 

5 In the F 2 generation, susceptible and resistant strains were recov- 
ered by selection 

6 The progeny of a susceptible male mated to susceptible females 
^\as much less resistant than was the progeny of the same male mated 
to resistant females 

By both genetic and serological means, it was shown that acquired 
immunity had no beanng on the results secured 

DeVolt, Quigley, and Byerly (1941), by appropriate subcutaneous 
inoculation tests, determined the degree of resistance of a strain of 
Rhode Island Reds that had been selected for over 12 years for progeny 
survival in the presence of natural infection Also tested at the same 
time were the relatively resistant strains of I\Tiite Leghorns that had 
been developed by Roberts and Card Approximately 28 per cent of 
the Rhode Island Red chicks and about 33 per cent of the 'UTiite Leg- 
horn chicks survived as compared with 11 per cent survivors among 
chicks secured from breeding flocks that had been kept free of pullorum 
for several years previously 

Roberts, Severens and Card (1939) concluded that the difference 
between resistant and susceptible chickens is due to an inhented differ- 
ential m the number of lymphocytes at the time of greatest susceptibil- 
ity, which IS immediately after the chicks are hatched Se\erens, 
Roberts, and Card (1944) observed that resistant chicks had larger 
spleens than those m susceptible chicks, the spleen being an important 

source of lymphocytes , , , , ^ 

Scholes (1942) and Scholes and Hutt (1942) concluded that difference^ 
m body temperature are responsible for differences m resistance to 
S VitUorum rather than for differences m the number of hmphocjtes 
in the blood, Hutt (1938a) and others haMng demonstrated that during 
the first 10 dajs after hatching bod> temperature n.e-, relate eb more 
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pamed by irregulanty of pupils is frequently associated with ocular 
lymphomatosis 

It should also be noted that Burmester (1945) observed that lympho- 
matosis occurs about tmce as frequently in females as in males v.hen 
the tuo sexes are exposed to infection under natural conditions Bur- 
mester and Nelson (1945) showed that male sex hormones secreted by 
the testes increase the degree of resistance to lymphomatosis in chickens, 
thus confirming the onginal observation of Manne and Rosen (1940, 
1941) 

Wilcke, Lee, and Murray (1938) concluded that it should be possible, 
by selection and breeding, to develop strains of birds relatively resistant 
or susceptible to fowl leukosis, and Lee and Wilcke (1939) added that 
the most important methods of controlling the disease included culling 
and the use of breeding stock from resistant strains 

Hutt (1939) reported that, after 2 years of selection on the progeny- 
test basis wnth White Leghorns, a relatively resistant line and a suscep- 
tible line were established whose progenies differed significantly with 
respect to mortality*from different t>pes of the avian leukosis complex 
Next there followed a report by Hutt, Bruckner, and Cole (1939) deal- 
ing with the results secured from the third generation, and this in turn 
was followed by a fourth generation report by Hutt, Cole, and Bruckner 
(1941) In the fourth-selected generation, pullet mortality between 
160 and 500 days of age was 38 per cent m the relatively resistant strain 
as compared with 64 per cent in the onginal unselected population 
The relatively resistant line had a pullet mortality of 12 per cent due 
to lymphomatosis and related types of the avian leukosis complex, 
whereas the susceptible line had a mortality of 26 per cent from similar 
causes 

Blakemore and Dallmg (1939) and Williams, Lampman, and Holm 
(1941), who practiced selection to reduce mortality but not to increase 
susceptibility, succeeded in reducing mortality apparently without 
increasing the inherent resistance to lymphomatosis 

Jeffrey, Beaudette, and Hudson (1942) selected for resistance and 
susceptibility but observed a reduction in the incidence of bmpho- 
matosis in both lines Taj lor, Lemer, DeOme, and Beach (1943), 
earned on 8 jears of progeny-test selection for resistance and suscepti- 
bility on the basis of mortality m females from 5 to 18 months of age 
Tlicy found that their line that was bred for relativelj low incidence of 
mortality from lymphomatosis had about as much mortalitj as the 
onginal stock from which it was selected Thej also ob'cnod that the 
Mgnificant differences in mortality between their relativelj resistant 
strain and their susceptible strain indicated differences in the henta- 



Genetic Resistance to Lymphomatosis 219 

pamed by irregulanty of pupils is frequently associated with ocular 
lymphomatosis 

It should also be noted that Burmester (1945) observed that lympho- 
matosis occurs about tmce as frequently in females as in males vhen 
the tuo sexes are exposed to infection under natural conditions Bur- 
mester and Nelson (1945) shoned that male sex hormones secreted by 
the testes increase the degree of resistance to lymphomatosis in chickens, 
thus confirming the onginal observation of jVIanne and Rosen (1940, 
1941) 

Wilcke, Lee, and Murray (1938) concluded that it should be possible, 
by selection and breeding, to develop strains of birds relatively resistant 
or susceptible to fowl leukosis, and Lee and Wilcke (1939) added that 
the most important methods of controlling the disease included culling 
and the use of breeding stock from resistant strains 

Hutt (1939) reported that, after 2 years of selection on the progeny- 
test basis with White Leghorns, a relatively resistant line and a suscep- 
tible line were established whose progenies differed significantly with 
respect to mortality 'from different tjpes of the avian leukosis complex 
Next there followed a report by Hutt, Bruckner, and Cole (1939) deal- 
ing with the results secured from the third generation, and this in turn 
was followed by a fourth generation report by Hutt, Cole, and Bruckner 
(1941) In the fourth-selected generation, pullet mortality between 
160 and 500 days of age was 38 per cent m the relatively resistant strain 
as compared with 64 per cent in the onginal unselected population 
The relatively resistant line had a pullet mortality of 12 per cent due 
to lymphomatosis and related types of the avian leukosis complex, 
whereas the susceptible line had a mortality of 26 per cent from similar 
causes 

Blakemore and Dallmg (1939) and Williams, Lampman, and Holm 
(1941), who practiced selection to reduce mortality but not to increase 
susceptibility, succeeded in reducing mortality apparently without 
increasing the inherent resistance to lymphomatosis 

Jeffrey, Beaudette, and Hudson (1942) selected for resistance and 
susceptibility but observed a reduction m the incidence of bmpho- 
matosis in both lines Taylor, Lemer, DeOme, and Beach (1943), 
earned on 8 years of progeny'-test selection for resistance and suscepti- 
bility on the basis of mortality in females from 5 to 18 months of age 
Tlicy found that their line that was bred for relatively low incidence of 
mortality' from lymphomatosis had about as much mortality as the 
onginal stock from which it was selected They also observed that the 
‘significant differences in mortality' between their relatively resistant 
strain and their susceptible strain indicated differences in the henta- 



Genetic Resistance to Lymphomatosis 221 

The environmental conditions under A\hich chickens are reared may 
have considerable influence on the incidence of mortality from lympho- 
matosis Hutt, Cole, Ball, Bruckner, and Ball (1944) and Hutt, Cole, 
and Bruckner (1945) found that chickens raised m relatively close 
proximity to adult birds suffered much higher mortality than similar 
chickens reared at considerable distance from adult stock, the first 
2 veeks of the reanng penod being very important The Cornell 
University investigators developed two relati\ely resistant strains, 
C and K, the K resistant strain being supenor to the C resistant strain 
There V as simultaneously developed a C susceptible strain In Fig 70 
are showm the effects of different degrees of exposure on total mortality 
and mortality from neoplasms, over 90 per cent of the mortality from 
neoplasms being due to lymphomatosis In Fig 70, A, B, C, and D 
represent chicks secured from four private breeders 

In Fig 70 it is apparent that under conditions of mild and severe 
exposure, respectively, mortality from lymphomatosis nas much less 
in the K resistant strain than in the C resistant strain and that these 
two strains rvere much superior to the C susceptible strain The A, B, 
C, and D strains were only moderately resistant The upright bars in 
Fig 70 indicate that there is a general relationship between mortality 
from neoplasms (90 per cent lymphomatosis) and total mortality, a 
fact which should be of considerable interest to poultry breeders 

In the inbred lines of White Leghorns at the Regional Poultiy Re- 
search Laboratory, Waters and Pnckett (1946) observed that mortality 
due to visceral lymphomatosis was 24 4 per cent, as compared with 
9 8 per cent due to the neural type, and 1 0 per cent due to the ocular 
type The visceral type appeared as early as 30 days of age, the neural 
type during the first 300 days of age, and the relatnely few ocular cases 
after 120 days of age The different inbred lines vaned with respect to 
age and relati\e seventy of the different types of lymphomatosis 
Waters (1947) stated that the incidence of lymphomatosis is determined 
by the age of the chickens at the time they are exposed to the disease 
the seventy of the exposure, and genetic resistance to the disease The 
inbred lines showed considerable variability with respect to resistance 
and susceptibility to lymphomatosis, but significant differences in mor- 
tality prevailed for the most part between the relatnelj resistant and 
the susceptible lines, as shown in Fig 71 

The inbred lines at the Regional Poultrj Researcli Laboratory, two 
of which aie mentioned in Fig 71, had a coefficient of inbreeding of 
about CO to 80 per cent In this respect, it is interesting to obseiwe 
that mortality from ly mpliomatosib in resistant line G was maintained 
at a rclatucly low le\el from 1945 through 1947 
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tality prevailed for the most part between the relatnelj resistant and 
the susceptible lines, as shown in Fig 71 

The inbred lines at the Regional Poultry Researcli Laboratory, two 
of uhich aio mentioned in Fig 71, had a coefficient of inbreeding of 
about CO to 80 per cent In this respect, it is interesting to obseiwe 
that mortality from ly mpliomatosis in resistant lino G was mamtamed 
at a rclatucly low lo\el from 1945 through 1947 
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under conditions of natural exposure to the disease. From year to 
year, environmental conditions were kept as uniform as possible. Egg 
production, egg size, and body size were taken into consideration in 
selecting breeding stock. Figure 72 shows the extent to which the 
susceptible line became differentiated from the C resistant and the 
K resistant strains ndth respect to percentage of mortality from neo- 
plasms among female progeny between 42 and 500 days of age 
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Fig 72. Differentiation of lines relatively rcspi&tant or &usceptiblo to neoplasms as a 
result of selective breeding during 11 years The graphs are smoothed by using a 
8-year moving average (except for terminal points) Hutt and Cole, 1948 ) 

In Fig. 72, the break in the graphs at 1942 indicates a difference m 
average severity of exposure to nhich the growing chickens vere sub- 
jected each year. From 1935 to 1942, one-half of susceptible strain 
and one-half of each of the C resistant and K resistant strains uore 
subjected to mild exposure, and the other half of each of these three 
lines to severe exposure. From 1942 to 1940, all the chickens in each 
of the three lines were subjected to severe exposure. It is interesting 
to note that mortality from neoplasms (90 per cent lympliomatosis) in 
the two resistant lines during 1944 and 1945 was about 5 to S per cent, 
uhorcas in tlic unsclected population of 1935 mortality <lue to ncopIa‘‘ms 
was about 18 per cent. 

A leuko'^is su‘^ccptible line (S) and a IcuKo-i'« relatively rc>j''tant line 
(/?), developed after 20 years of selective breeding, were cro'^od n*cipro- 
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Tig 72. Differentiation of lines relatively re&i&tant or susceptible to neoplasms as a 
result of selective breeding during 11 years The graphs are smoothed by using a 
8-year moving average (except for terminal points) Hutt and Cole, 1948 ) 

In Fig. 72, the break in t!ie graphs at 1942 indicates a difference in 
average severity of exposure to nhich the growing chickens vere sub- 
jected each year. From 1935 to 1942, one-half of susceptilile strain 
and one-half of each of the C resistant and K resistant strains uore 
subjected to mild exposure, and the other half of each of these three 
lines to severe exposure. From 1942 to 1946, all the chickens in each 
of the three lines were subjected to severe exposure. It is interesting 
to note that mortality from neoplasms (90 per cent lymphomatosis) in 
the two resistant lines during 1944 and 1945 was about 5 to S per cent, 
uhorcas in the unsclected population of 1935 mortality <lue to ncopla‘‘ms 
was about IS per cent. 

A leuko'^is su‘^ccptible lino (5) and a Icuko-i-^ relatively rc-i-'tant line 
(/?), developed after 20 years of selective breeding, were cro'-^ed n*eipro- 




Crossbreeding Effects on Progeny Viability 


225 


TABLE 7 

Percentage of Viability of Chicks to 24 Weeks of Age in Noninbeed, 
Inbred, and Topcross Matings of ^\HITE Leghorns 

OVaters 1938) 


Year 

Nonmbred 

Family 

Inbred 

Topcross 

1932-1937 

84 

1 All families 

77 

90 



iFamib 1 

71 

91 

1935-1937 

84 

Family 2 

69 

85 

1935-1936 

82 

Family 3 

63 

85 



1 Family 4 

73 

96 

1936-1937 

85 

i Family 6 

89 

91 



I Family 7 

83 

88 


The data given m Table 7 show that the viability of the chicks of the 
inbred matings was considerably loi\er than that of the nonmbred 
matings but that the viability of the chicks of the topcross matings uas 
higher than the viability of chicks of the nonmbred matings 

Dudley and Pease (1948) compared the viability of White Leghorn 
pullet progeny secured from outbrcd matings and from topcrossing 
matings Reanng-pullet viability from the outbred matings vas 70 
per cent and from the topcross matings 78 per cent, the laying-pullet 
viability from the outbred matings was 61 per cent and from the top- 
cross matings 58 per cent In this particular case, outbreeding and 
topcrossing produced similar results 
With respect to crossing inbred lines, Maw (1942) suggested that 
better results vould probably be secured from topcross matings than 
from matings between inbred lines uhere some relationship exists be- 
tween the lines Maw (1949) observed no significant differences m 
viability from 168 to 600 days of age among the pullet progenies secured 
from crossing inbred lines and from control matings 

Crossbreeding Effects on Progeny Viability . Although compara- 
tively feu carefully controlled experiments have been conducted to 
determine the effects of crossbreeding on viability, broiler producers are 
interested in this problem because crossbreeding has usually been found 
to result in increased rate of growth during the first 10 or 12 weeks as 
compared Wxth the purebred progenies of the parental breeds crossed 
Two pure breeds m which the viabilitj of chicks is high could not be 
expected to gne matcnallj higher Mabilitj when crossed, whereas two 
pure breeds in which tlie Mabihtj is comparatnel^ low would be ex- 
pected to gne considerablj higher \iabilitj when cros^^ed, as the result 
of bringing together in the crossbred progenj fa\ orablc dominant gcnc" 
from each of the purebred parents 
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The data given m Table 7 show that the viability of the chicks of the 
inbred matings was considerably lower than that of the nonmbred 
matings but that the viability of the chicks of the topcross matings was 
higher than the viability of chicks of the nonmbred matings 

Dudley and Pease (1948) compared the viability of White Leghorn 
pullet progeny secured from outbrcd matings and from topcrossing 
matings Reanng-pullet viability from the outbred matings was 70 
per cent and from the topcross matings 78 per cent, the laying-pullet 
viability from the outbred matings was 61 per cent and from the top- 
cross matings 58 per cent In this particular case, outbreeding and 
topcrossing produced similar results 
With respect to crossing inbred lines, Maw (1942) suggested that 
better results would probably be secured from topcross matings than 
from matings between inbred lines where some relationship exists be- 
tween the lines Maw (1949) observed no significant differences m 
viability from 168 to 600 days of age among the pullet progenies secured 
from crossing inbred lines and from control matings 

Crossbreeding Effects on Progeny Viabditj . Although compara- 
tively few carefully controlled experiments have been conducted to 
determine the effects of crossbreeding on viability, broiler producers are 
interested in this problem because crossbreeding has usually been found 
to result in increased rate of growth during the first 10 or 12 weeks as 
compared Wxth the purebred progenies of the parental breeds crossed 
Two pure breeds m which the viabilitj of chicks is high could not be 
expected to gne matcnallj higher \iabilitj when crossed, whereas two 
pure breeds in which the Mabilitj is compantnob lou would be ex- 
pected to gi\e considerablj higher \ 1 ab 1 l 1 t 3 when cros^^ed, as the result 
of bringing together in the crossbred progeny fa\ orablc dominant gcnc" 
from each of the purebred parents 
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Crossbreeding v.sls also sho^^n by Ghostley and Nordskog (1951) 
to reduce progeny mortality Among eight strains representing Aiistra- 
lorps, Barred Plymouth Rocks, New Hampshires, and Rhode Island 
Reds, matings were made within strains, between strains, and between 
breeds Progeny mortality to 8 weeks of age was as follows within 
strains, 29 per cent, between strains, 20 per cent, between breeds, 
16 per cent Mortality dunng the first laying year was about 10 per cent 
less among the pullets secured from the strain and breed crosses than 
among the pullets secured from matings within strains 

Mortality Reduced by Breeding Several investigators have re- 
ported results on expenments aimed at reducing mortality by selection 
and breeding It is obvious, of course, that genetic research involving 
mortality among growing chickens, laying pullets, and older females 
is much more complicated than research on embryonic mortality After 
chicks are hatched, the environmental conditions with which they have 
to contend for the rest of their lives are far more vanable than dunng 
the penod of incubation 

Throughout their lives, birds are subjected to vanable conditions of 
management, sometimes including faulty brooding and housing and 
dietary deficiencies of one kind or another Birds are also subject to 
functional disoiders, as well as the ravages of parasites and diseases 
A program of selection and breeding to reduce mortality should be 
based on a complete absence of culling of the progeny, except m case 
of dire necessity Obviously, the elimination of undesirable birds at 
the time of selecting breeders each year is a necessity, the logical method 
of selecting prospective breeders being on the family basis A breeding 
program to reduce mortality should also include reasonable uniformity 
in rearing, housing, and feeding methods from year to year 

Among some of the earliest programs of breeding the results of which 
demonstrated the possibility of reducing mortality by breeding were 
those of Taylor and Lemer (1938), Marble (1939), and Bearse, McCIary, 
and Miller (1939) Bearse, McCIary, and Miller (1939) showed that 
as the result of 8 years of breeding two strains of White Leghorns, the 
progeny of one strain was found to be more resistant to disease than the 
progeny of the other strain, the pullct-reanng mortality being 25 and 
32 per cent, respectively 

Sturkie (1943) earned on 5 years of selecting and breeding to reduce 
mortalitj in a flock of White Leghorns that must ha\ e been a notonousb 
poor flock or perhaps suffered from some kind of epidemic, since the 
unselccted generation preceding the 5-ycar breeding program suffered 
a lajmg-flock mortality of 89 per cent with no culling during tlie first 
lavmg >ear The data, for each of the 5 jears, pertinent to the pullet 
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Among some of the earliest programs of breeding the results of which 
demonstrated the possibility of reducing mortality by breeding were 
those of Taylor and Lemer (1938), Marble (1939), and Bearse, McCIary, 
and Miller (1939) Bearse, McCIary, and Miller (1939) showed that 
as the result of 8 years of breeding two strains of White Leghorns, the 
progeny of one strain was found to be more resistant to disease than the 
progeny of the other strain, the pullet-reanng mortality being 25 and 
32 per cent, respectively 

Sturkie (1943) earned on 5 years of selecting and breeding to reduce 
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TABLE 9 

Mortality op Pullet Progeny of High-Mortality and Low-Mortality 
White Leghorn Matings, Respectively 

(Bostian and Dearstyne 1944) 



Progeny 

Mortality, 

per cent 

Kind of Mating 

1939 

1940 

1941 

High-mortality matings 

34 

31 

28 

Low-mortality matings 

31 

24 , 

11 


Bryant and Johnson (1944) and Bryant (1945, 1946), uith White 
Leghorns, observed family differences with respect to relative resistance 
to particular diseases Bryant (1945) showed that among females, 
the higher the mortality dunng the growing penod up to 20 weeks of 
age, the higher the mortality during the laying period from 140 to 525 
days of age Bryant (1946) showed that two strains that had been 
developed for high mortality and low mortality, respectively, produced 
progeny that had a laying-pullet mortality of 30 and 17 per cent, re- 
spectively 

The results discussed up to the present indicate that it is possible to 
reduce mortality by breeding, provided the breeders are selected on 
the progeny-test basis and enough families of sufficient size are available 
from which prospective breeders are selected However, since egg pro- 
duction, egg size, hatchability, rate of growth, and other characters of 
economic importance must be considered by poultry breeders, it is 
apparent that progress m reducing mortality to quite a low level would 
probably bo relatively slow 

Breeding for Higher Viability. Poultry breeders whose flocks are 
plagued with high mortality from whatever cause would welcome any 
suggestions concerning the possibility of reducing the level of mortality 
and keeping it within reasonable bounds from year to year Except 
for sudden outbreaks of such diseases as fowl cholera and Newcastle 
disease, the evidence presented in this chapter definitely suggests that 
a well-planned selection and breeding program offers the best hope 

The results secured by Taylor et al (1943) and Hutt and Cole (1947, 
1948) showed that progress in breeding for resistance to lymphomatosis 
IS possible while at the same time selecting for egg production and other 
characters of economic importance Lush, Lamoreux, and Hazel (1948) 
showed that m the flock of Leghorns whoso records they anab zed 

there was a significant positne correlation between the hentabiht\ of 
resistance to leukosis and the hcntabiliU of resistance to other causes 
of deatli, and that resistance to total mortalitj was considerabU more 
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9 • Meat Production 

The primary purpose of raising chickens and keeping layers is to con- 
\ert feed into food of animal ongin for human use Since the cost of 
feed represents from one-half to over two-thirds of the total cost of 
raising chickens and producing eggs, it is obvious that any increased 
efficiency of feed utilization that can be brought about by breeding 
should be of great interest to poultry producers 
Rapid growth, good body type, and supenor breast fleshing are very 
desirable in chickens raised for meat production How to improve 
chickens with respect to these three interrelated characters is discussed 
in this chapter 

GROWTH 

One of the most important factors affecting the efficiency of feed 
utilization in raising chickens is rate of growth The faster that a chicken 
grows, the more efficiently is feed utilized dunng the growing penod 
Increase in body size involves an increase in the size of organs and 
muscle and in the grow th of the bones of the body, this true grow th being 
distinguished from the increase in size that results from the deposition 
of fat m the reserve tissue True growth implies, therefore, an increa«:e 
in water, protein, and mineral matter and involves an adequate supplj 
of energy-producing nutrients, to support the various growth processes 
and vitamins of various kinds, which are essential for the attainment 
of physiological well-being and the most efficient utilization of feed 
Environmental Conditions Affect Rate of Growth. Rate of 
growth is naturally affected by such environmental conditions as over- 
crowding, chilling or excessive heating dunng the brooding period, 
drafty brooder houses, improperlj balanced diets, and parasites and 
disease These facts are mentioned pnraanly for the purpose of emplia- 
sizmg the importance of maintaining uniform conditions for different 
lots or groups of chickens that are being compared with respect to their 
inherent grow th rates 

Hajs and Sanborn (1929) and Asmundson and Lemer (1933) observed 
that earlj-hatched chicks grew faster than late-hatched chicks It is 
S37 
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Efficiency of Feed Utilization Inherited 239 

chicken increases m \\ eight, the gam in w eight hich it makes per pound 
of feed consumed decreases This is because, as the chicken increases 
in weight, relate ely more of the feed it consumes is used for main- 
tenance Heuser (1946) pointed out that during the first 5 weeks of 
growth m White Leghorns the following percentages of the total feed 
consumed were used for maintenance first week, 65, second week, 70, 
third week, 80, fourth week, 85, fifth week, 90 For general-purpose 
chickens, these percentages would be somewhat higher This means 
that, as the chicken grows older and increases in weight, relatively less 
of the feed it consumes is used for growth These facts are in con- 
formity with the law of diminishing increment Anyone interested in 
pursuing this matter further should consult Brody (1945) and Titus 
(1947) 

Under ordinary conditions, the number of pounds of feed per pound 
of gam in weight increases as the chicken increases in weight or age 
That is why it is relatively more economical to produce broilers and 
fryers than roasters and capons If a sufficiently higher pnee per pound 
can be obtained for roasters and capons over broilers and fryers, the 
production of the former might be as profitable as the production of 
the latter 

Efficiency of Feed Utilization Inherited. Evidence that efficiency 
of feed utilization is mhented was presented by Hess Byerly, and JuII 
(1941) Their least efficient Barred Plymouth Rocks required 21 
per cent more feed per pound of gain in weight than their most efficient 
Barred Plymouth Rocks up to 8 weeks of age Crossbreds secured 
from crossing Barred Plymouth Rocks and New Hampshires, were 
observed to be relatively more efficient in utilizing feed than purebred 
progeny of the two parental breeds used in the cross McCartney and 
Jull (1948) observed differences in efficiency of feed utilization to 10 
w eeks of age betw een two strains of New Hampshires 

Hess and Jull (1948) observed a heritable difference in feed utilization 
efficiency between individual chickens that could not be explained on 
the basis of body weight, rate of gain, or time Two Barred Plymouth 
Rock sires mated to similar females produced progenies that differed 
as much as 24 per cent in feed consumed by the time the birds were 
slightly o\er 1 pound in weight Purebred New Hampshire males 
consumed approximately 40 per cent less feed per pound of gam in 
weight than purebred New Hampshire females by the time both se\cs 
weighed approximately 3 3 pounds At about 4 pounds, fast-growing 
males consumed 16 per cent less feed than slow-growing males 
the time crossbreds and purebreds had attuned about 2 25 pounds in 
weight, the crossbreds consumed 27 per cent less feed It was shown 



Efficiency of Feed Utilization Inherited 239 

chicken increases in eight, the gam in \\ eight hich it makes per pound 
of feed consumed decreases This is because, as the chicken increases 
in weight, relatuely more of the feed it consumes is used for main- 
tenance Heuser (1946) pointed out that during the first 5 weeks of 
growth m White Leghorns the following percentages of the total feed 
consumed were used for maintenance first week, 65, second week, 70, 
third week, 80, fourth week, 85, fifth week, 90 For general-purpose 
chickens, these percentages would be somewhat higher This means 
that, as the chicken grows older and increases in weight, relatively less 
of the feed it consumes is used for growth These facts are in con- 
formity with the law of diminishing increment Anyone interested m 
pursuing this matter further should consult Brody (1945) and Titus 
(1947) 

Under ordinary conditions, the number of pounds of feed per pound 
of gam in weight increases as the chicken increases in weight or age 
That IS why it is relatively more economical to produce broilers and 
fryers than roasters and capons If a sufficiently higher pnce per pound 
can be obtained for roasters and capons over broilers and fryers, the 
production of the former might be as profitable as the production of 
the latter 

Efficiency of Feed Utilization Inherited. Evidence that efficiency 
of feed utilization is mhented was presented by Hess Byerly, and Jull 
(1941) Their least efficient Barred Plymouth Rocks required 21 
per cent more feed per pound of gam in weight than their most efficient 
Barred Plymouth Rocks up to 8 weeks of age Crossbreds secured 
from crossing Barred Plymouth Rocks and New Hampshires, were 
observed to be relatively more efficient in utilizing feed than purebred 
progeny of the two parental breeds used in the cross McCartney and 
Jull (1948) observed differences in efficiency of feed utilization to 10 
weeks of age between two strains of New Hampshires 

Hess and Jull (1948) observed a heritable difference in feed utilization 
efficiency between individual chickens that could not be explained on 
the basis of body weight, rate of gam, or time Two Barred Plymouth 
Rock sires mated to similar females produced progenies that differed 
as much as 24 per cent in feed consumed by the time the birds were 
slightly o\er 1 pound in weight Purebred New Hampshire males 
consumed approximately 40 per cent less feed per pound of gain in 
weight than purebred New Hampshire females by the time both sexes 
weighed approximately 3 3 pounds At about 4 pounds, fast-growmg 
males consumed 10 per cent less feed than slow-growing males 
the time crossbreds and purebreds had attained about 2 25 pounds in 
weight, the crossbreds consumed 27 per cent less feed It was shown 



Genetic Variation m Utilizing Feed Nutrients 241 

diet for 36 iieeks differed markedly m the hatchability of their eggs 
The hatchability percentages were as follows 

Number of neek? on deficient diet 4 12 20 28 36 

High hatchability group 88 85 83 92 66 

Lou*hatchabilitj group 99 65 36 23 2 

These data are extremely interesting and indicate clearly that great 

vanation existed among these hens in their ability to \\ithstand a cer- 
tain type of dietary deficiency 

Strain Differences in Utilizing Rtboflaun Riboflavin is a vitamin 
that IS necessary in adequate amounts for optimum growth of the 



Fia 74 Left, chicken grown on a diet deficient in riboflavin (Univ of Maryland ) 
Right, chicken grown on a diet deficient in thiamm (Cornell Umv ) 


embryo and the chick Lamoreux and Hutt (1948) selected White 
Leghorn breeders for resistance to riboflavin deficiency for five genera- 
tions on the basis of their gains in weight made during the first 5 weeks 
after hatching, the diet fed being deficient m nboflavin during the first 
3 to C weeks The selection of breeders in a strain susceptible to ribo- 
flavin deficiency was made from among surviving chickens that made 
the least gams in weight to 3 weeks of age These chickens were then 
given an adequate diet fortified with riboflavin supplements m order 
to rear them to maturity A rclativ ely resistant and a relatn ely suscep- 
tible strain were thus established The results secured indicated that 
the resistant and susceptible strains differed with respect to their abilitj 
to live and grow on a diet deficient in riboflavin Lemer and Bird 
(1948) also studied the ability of chickens to survive and continue 
growth on a diet deficient in riboflavin Their results were not so con- 
clusive as tliose of Lamoreux and Hutt, but differences in the rate of 
growth between the selected an<l the control linos in the Lrcmcr and 
Bird strains were present 
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Early Growth m Relation to Chick Size 243 

of cell multiplication duiing the de\elopment of the embiyo account 
for differences m size of chick at hatching time It has been uell estab- 
lished by Byerly (1930) and others that dunng the latter part of the 
incubation penod the embryos of general-purpose breeds are larger 
than the embryos of White Leghorns Blunn and Gregory (1935) 
show ed that, m White Leghorn and Rhode Island Red eggs of the same 
size, the Rhode Island Red embryos «ere relatively but not signifi- 
cantly larger than the MTiite Leghorn embryos during most of the 
incubation penod Apparently, the slightly faster growth of the Rhode 
Island Red embryos was due to somewhat more rapid cell multiplication 
than m the White Leghorn embryos Byerly, Helsel, and Quinn (1938) 
showed that, between embryos from reciprocal crosses of two breeds 
that differed considerably in mature body weight, the weight of the 
crossbred chicks w as highly correlated w ith the size of the egg 

Basing their findings on the fact that glutathione, which is involved 
m biological oxidation, stimulates cell multiplication, Gregory, Goss, 
and Asmundson (1935) and Gregory, Asmundson, and Goss (1936) 
demonstrated that glutathione values vere correlated positively with 
the rate of cell multiplication at 14 days of incubation It was also 
observed that the glutathione concentration in Barred Plymouth Rook 
embryos was slightly but consistently greater than in White Leghorn 
embryos from 5 to 19 days of incubation Gregory, Goss, and Asraund- 
son (1937) further observed that glutathione concentration was corre- 
lated with post-hatching growth rates and adult body weights 

Chick Size in Relation to Egg Size. Several investigators, includ- 
ing lull and Quinn (1925) and Hays and Sanborn (1929), have shown 
that at hatching time chicks weigh from 61 to 68 per cent of the weight 
of the eggs from which they hatch, part of the range in variation being 
due to the relative humidity maintained dunng incubation 

Munro and Kosin (1940) demonstrated that at hatching time male 
chicks are slightly larger than female chicks and Kosm and Munro 
(1941) suggested that this difference was due m some measure to in- 
creased calcium utilization by male embryos dunng the last few days 
of the incubation penod 

Wiley (1950, 1) reported that chick size was limited significantly by 
the space in the egg shell dunng the last 2 or 3 days of incubation 
Earlj Growth in Relation to Chick Size In growth-rate studies 
on Rhode Island Reds, Upp (1928) found that rate of growth was indo- 
pondent of chick size at hatching time On the other hand, Haibcrsleben 
and Mussehl (1922), Hajs and Sanborn (1929) and Wilej (1950, II) 
obseri ed that, during the first few weeks, small chicks at hatching time 
grew somewhat slower than large chicks hatched from the same dams 
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Sex Differences m Growth Rate 


of the thyrotropic hormone secreted by the anterior pituitary The 
feeding of thyroxin induces hyperthyroidism, which accelerates all 
metabolic processes Cooper, March, and Biely (1950) ohserxed that 
the metabolic requirement for vitamin A is influenced greatly by thyroid 
actix ity 

Mixner, Eeineke, and Tumor (1944) found that 0 1 per cent of thio- 
uracil in the dunking water of WTiite Pl 3 Tnouth Eook chickens caused 
maximum thyroid enlargement Metaholic rate is lowered, the en- 
larged thyroid resulting from an increased secretion of thyrotropic 
hormone bj the anterior pituitary, this increase being made possible 
because of the inhibiting effect which thiouracil has on the secretion 
of thyroxin by the thyroid gland El-Ibiary and Shaffner (1950) 
demonstrated that the capacity of the chicken to produce an enlarged 
thyroid gland is under genetic control 

Schultze and Turner (1945) showed that, in White Leghorn and 
White Plymouth IJock growing chickens, there was a positive correla- 
tion between rate of growth and rate of thyroxin secretion up to the 
seventh and twelfth week, respectively, but a negative correlation be- 
tween the two rates after those ages 

Glazener and Jull (19466) observed that feeding thiouracil at the 
0 1 per cent level in the mash during the growing period depressed rate 
of growth Thyroid enlargement was relatively greater in the females 
than in the males Glazener, Shaffner, and Jull (1949) found that the 
level of thyroxin secretion was higher m a rapid-growing strain of New 
Hampshire females than in a slow-growing strain of New Hampshire 
females The difference in rate of thyroxin secretion between the two 
strains was less at 12 weeks than earlier El-lbiary (1950) fed New 
Hampshire chicks a mash containing 0 2 per cent thiouracil and ob- 
served that growth was retarded as compared with untreated chicks, 
the difference in rates of growth being most noticeable between the 
second and the sixth xveeks 

Sex Differences m Growth Rate. The fact that males grow rela- 
tively faster than females has been demonstrated by several investiga- 
tors (see Fig 76) Kempster and Parker (1936) compared the rates 
of growth of cockerels and pullets m White Leghorns, llTiite Plj mouth 
Rocks, and Rhode Island Reds, respectively The following data are 
pullet xveights expressed as percentages of cockerel w eights at 4-w eek 


periods 


Age m ^ eeks 
■W hite Leghorns 

hite Plj mouth Hocks 
Rhode Island Reds 


0 4 8 12 IG 20 

9S 93 87 81 79 77 

99 93 89 80 82 78 

99 98 92 86 85 81 
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of the thyrotropic hormone secreted by the anterior pituitary The 
feeding of thyroxin induces hyperthyroidism, which accelerates all 
metabolic processes Cooper, March, and Biely (1950) ohserxed that 
the metabolic requirement for vitamin A is influenced greatly by thyroid 
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than in the males Glazener, Shaffner, and Jull (1949) found that the 
level of thyroxin secretion was higher m a rapid-growing strain of New 
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females The difference in rate of thyroxin secretion between the two 
strains was less at 12 weeks than earlier El-Ibiary (1950) fed New 
Hampshire chicks a mash containing 0 2 per cent thiouracil and ob- 
served that growth was retarded as compared xvith untreated chicks, 
the difference in rates of groivth being most noticeable between the 
second and the sixth xveeks 
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During recent years, the problem of de\ eloping rapid-growing strains 
of chickens has become increasingly important, largely as a result of 
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During recGnt years, the problem of <le\ eloping rapid-growing strains 
of chickens has become increasingly important, largely as a result of 



tlie expansion of the commercial broiler mdustrj’ Manj pn\atc 
breeders ha\c de\clopcd strains whose lO-wcek and 12-weok a\cragc 
"eights far exceed tho'^e usinll> obtaine<l Witli respect to White 
^^ghorns, kept primarily for market egg production, rapid growtli i^ 
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TABLE 10 

Average Weight in Pounds of Purebred and Crossbred Progenies at 
16 l^EEEs OF Age 


(Henderson 1949) 



Males 

Females 

WTiite Leghorn purebreds 

2 9 

2 3 

Dark Cornish purebreds 

2 7 

2 2 

Dark Cornish o’ X White Leghorn $ crossbreds 

2 9 

2 2 

W hite Leghorn cT X Dark Cornish 9 crossbreds 

3 0 

2 5 

crossbreds from the reciprocal cross neighed very little more than 1 


White Leghorn purebreds 

The data given in Table 11 pertain to crossbred matings such as aie 
used in the commercial production of “broiler" chicks 


TABLE II 

Average Weight in Pounds of Purebred and Crossbred Progenies at 
12 Weeks of Age 


(Smith and Wiley 1950) 


White Wyandotte purebreds 

Males 

3 7 

Fomal 

2 8 

Rhode Island Red purebreds 

2 8 

2 4 

hite Wyandotte o’ X Rhode Island Red 9 crossbreds 

3 8 

3 0 

hew Hampshire purebreds 

3 8 

2 0 

Barred Plymouth Rock purebreds 

3 3 

2 

Barred Plymouth Rock c? X hen Hampshire 9 crossbreds 

3 7 

3 1 

hen Hampshire purebreds 

3 5 

2 8 

Barred Plymouth Rock purebreds 

3 2 

2 o 

hen Hampshire 6' X Barred Plymouth Rock 9 crossbreds 

3 4 

2 7 

Barred Plj mouth Rock purebreds 

2 5 

2 2 

hew Hampshire purebreds 

3 0 

2 5 

Barred Plj mouth Rock o' X hen Hampslurc 9 cro^breds 

3 7 

2 U 


The data in Table 11 slioii tint the crossbreds secured from While 
"jandotteef X Rhode Island Red 9 weresliRlitl} lieaner at 12 nn ks 
tlrnn the White W'jandotte purebreds, and considcrablj 
‘bo Rhode Island Red purebreiN, this pirticlilar strain of Rhode M iml 

Rods appironth not bcins a ripid Krouing striin , , i, i 

The results of other matings Risen in 1 ible 1 1 shon t i it I le iim 
PR mouth Rock striins incd nerc sloncr RroniiiR striins 111 in I n No' 
■lamp hire striins and that the ero hreds more ne irlj ipproarlnsl tin 
Piirehred Nc" Ilimp-hins thin the piirehnal I! irml I hmoilh Ilinks 
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observed that the growth of long bones in the body of males exceeds 
that of females by as much as from 13 to 16 per cent In bantams and 
other breeds, sex dimorphism m skeletal growth is greatest with respect 
to the shank (tarsometatarsus) 

The longest bone of the leg (tibiotarsus) is laid down before the tarso- 
metatarsus, but the latter grows faster Shank length, therefore, during 
different penods of growth, has been used by several investigators as 
an index of rate of body growth in all breeds of chickens Quisenberry, 
Roberts, and Card (1941) suggested that studies on skeletal dimensions 
should include diameters as well as lengths of bones, but it is doubtful 
that much would be gained by such a procedure Moreover, it would 
not be a practical method for poultry breeders to employ 

Shank Length and RatcofBodj Growth. Lemer (1937a, 1937&) 
and Jaap (1938) observed that shank length serves as a reliable index 
of body weight during most of the growing period and that shank length 
and body weight are more closely correlated during various growing 
penods than after the birds have attained mature body weight 
Landauer (1934) pointed out that the relatively short shanks of the 
Creeper fowl are due to genes that bring about a retardation m the 
growth of the leg bones 

A J G Maw (1935) found that the F| females secured from recipro- 
cal crosses between Light Brahmas and Golden Sebright Bantams 
differed w idely m the lengths of the leg and w ing bones The tw o breeds 
also differed significantly m shape of skull 

lawp and Penqwite (1938) observed that skeletal growth in chickens 
ceases earlier than does the growth of the body as a whole, rate of hone 
growth increasing from 4 to 12 weeks of age and decreasing rclatiicly 
from 12 to 20 weeks of age with respect to body weight Jaap (1941) 
pointed out that the shanks of cliickens attain their maximum length 
between 18 and 24 weeks of age, shank growth ceasing in females at 
about 5 months of age and in males at about C months of age Lcrncr 
(1943, 1944, 1946), employing progeny testing and sister 'jclection on 
the basis of shank length, dei eloped two lines of ^^^^te I.oglioms th it 
differed genetically with respect to size as measured hy shank length 
Lemer (1944) pointed out that the cumulatno differences m post- 
embryonic growth were mainly responsible for the shank-lcngtli differ- 
ences between the rclatiicly largc-size line and the sm iller-stze lino 
Lemer and Gnnns (1944) found that the rcUtivcly Iirgo-size lino hid 
*'omewhat larger eggs tlian the smallcr-sirc line 

Tram a random sample of Xcw IIamp‘'lnre tockercK 12 i\ock‘j of 
ago, lull, Phillips and Williims (1013) ‘^elected three group-, differing 
m vliank length The group with the intcrme<Ii itc 'hank length wa' 
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Fleshing ssg 

future breeding purposes should be selected at about 4 to 6 weeks and 
again at 10 to 12 weeks of age. 

FLESHING 

The various classes of chickens include broilers, fryers, roasters, 
capons, and fowl. Within each class considerable variability in body 
shape and degree of fleshing is usually evident when the birds are dressed 
for market. Broilers, or roasters, or any other class of market poultry 
belonging to the same breed often exhibit considerable variability with 
respect to degi’ee of fleshing. 

Maw and Maw (1935) presented evidence indicating that the live 
bird outline is of some value in selecting breeding stock to produce well- 
proportioned and well-fleshed roasters. Maw and Maw (1938), by 
X-ray photographs of three Barred Plymouth males and their sons, 
showed that the body type of the sire has a considerable influence in 
determining the body type of his progeny The three sjrcs significantly 
influenced the length of back, keel, and shank in their progenies. Ma^^ 
and Maw (1939) reported that increase in body length and depth and 
increase in length of leg was inversely correlated with percentage of 
edible meat. On the other hand, length of keel and circumference of 
the tibiotarsus were positively correlated with percentage of edible 
meat. 

Lemcr (19376) concluded that the growth of the breast muscle 
(pectoralis major) and of the leg bones in relation to the growth of body 
followed a similar course in Barred Plymouth Rocks and Black Minorcas 

Jaap and Penquite (1938) reported that dilTerenccs in body conforma- 
tion of live birds could be determined quite accurately by comparing 
body weight, shank length, keel length, and anterior body depth. They 
also reported that the most desirable index of body sliapc in live birds 
is the relationship between shank length and cube root of bod^' u eight 
Lerncr (1939), however, maintained that shank length was a better 
index of body proportions. 

Jaap and Tliompson (1940) obt,cr\'ed that the sire’s body sliapc is 
transmitted to his progeny to a liigh degree In their studies on heritable 
dilTcrcnces in adult female body conformation, they ncre not able to 
demonstrate any consistent relation lictuccn proportional length of 
shank and keel and projiortional bwly dejith. The slmjH.*, as well :v.s 
the location of the keel in its longitiidiiml a\i*., uerc found to Iiave more 
influence on the confonnation of hinls than the length of the 

keel. Jaap (1911) found that difTotviices in body confonnation of 
Various breeds became apji.irent at 12 uci'ks of agi* IIi*^ D.irk (’<»nu'h 
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V, ell-fleshed bird might have a poor appearance as a dressed bird because 
of relatively great depth of body Also, a shallow -bodied bird might 
be quite plump m appearance but actually have relatively less flesh 
than the deep-bodied bird For that reason, Bird maintained that body 
depth should be taken into consideration m relation to degree of breast 
fleshing S Bird (1948) established the fact that thickness of breast 
muscle, or roundness (plumpness) of breasl;, “is a character separate 
from and independent of skeletal width of the thoracic cavity ” He 
demonstrated that plumpness of breast m chickens is negatively corre- 
lated to depth but that since breast plumpness is apparently inherited 
from the male it should be possible to develop strains of plump-breasted, 
deep-bodied, fast-growing chickens by progeny testing 

Fnschknecht and JuU (194G) observed that their strain of New 
Hampshires was supenor to their strain of Barred Plymouth Rocks in 
transmitting plumpness of breast to their progeny Crossbreeding Dark 
Cornish males and New Hampshire and Barred Pljmouth Rock females 
produced a higher percentage of grade A birds than was secured from 
purebred matings Also, the fastest-grow mg chickens tended to grade 
the highest 

Bod> weight, shank length, keel length, and breast widtli m relation 
to grade were determined by Lemer, \smundson, and Cruden (1947) 
in New Hampshire cockerels and pullets, rcspcctivclj , at 12 weeks of 
age, these birds being the descendants of a strain that had been bred 
for seicral jears for impro\cmcnt in meat qualjt> The pertinent d it i 
are gnen herewith, body weight is gnen m pounds, and sliank, keel 
and breast measurements are in centimeters 


Males I 


Grade 

A-f- 

A 

ri 

c 
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IS 
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Bod> \\eiRht 
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a ( 
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0 2 

a 8 

a a 
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7 'i 

Hri ast ujdth 

2 30 

2 31 
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2 1C, 

2 -10 
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2 J1 
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estrogen-fattened birds may be prevented or remedied by rubbing a 
synthetic drug having androgenic effects on the combs and \\attJes 
Among the numerous investigators who have conducted experiments 
in this field are Lorenz (1943, 1945a, 19456), Jaap and Thayer (1944), 
Jaap and Thompson (1945), Thayer, Jaap, and Penquite (1944), and 
Sturkie (1946a, 1946b) 

The effects on fattening and the grade of dressed birds by adding 
thionracil, a thyroid depressant, to the diet have been in\ estigated by 
Kempster and Turner (1945), Glazener and Jull (1946b), Andrews and 
Bohren (1947), Moreng and Shaffner (1949), Detwiler, Andre^^s, and 
Bohren (1950), and others 

Conclusion The discussion m the preceding pages of this chapter 
has emphasized the importance of breeding for rapid growth in order 
that chickens utilize feed as efficiently as possible This is very im- 
portant because under normal times the cost of feed constitutes about 
50 per cent of the total cost of raising chickens and in abnormal times 
as much as 70 per cent In developing rapid growing strains of chickens 
the real objective is to increase efficiency of feed utilization 
The phenotypic selection of future breeding stock should be quite 
effective in a selection and breeding program to develop rapid growing 
strains The period of from 4 to 6 weeks is apparently a good time to 
make the first selection of future breeders the fastest growing birds 
being wingbanded The second selection should be made at 10 to 12 
weeks and certainly before any of the cockeiels are sold During each 
of these two selection periods, length of sliank would probablj bo the 
best criterion, although it is possible that body weight would serve 
almost as well and would be a time saving method Although pheno- 
typic selection would be relatively effective, consideration of familj 
averages of body weight would be more effective 

It IS hardly necessary to point out at this time that reasonablj good 
sized families are very desirable, and a relative^ large number of single- 
male pen matings should be maintained each jear Both of thc=c 
stipulations arc necessary to permit intense ‘^election of future breeders 
since manj genes determine rate of growth, bod> tjpe, and fleshing 
nbihtj 

Since it has been shown that there arc maternal effects upon bodj 
weight, the selection of future breeding females is quite important 
Since it has also been •sliown that the ‘sire transmits bodv tvpe to his 
progenv to a high degree, it is ncco‘vsir> to give greater con‘<idcrition to 
the ‘selection of future breeding miles than fem lies AIorcoNcr the 
average sire has about ten times as manv progenv a** the avenge dam 
Tint IS win It IS «o important to test as mvnv ‘*nxs as po '•thle oscli 
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weeks and certainly before any of the cockeiels are sold During each 
of these two selection periods, length of shank would probablj be the 
best criterion, although it is possible that body weight would serve 
almost as well and would be a time saving method Although pheno- 
typic selection would be relatively effective, consideration of familj 
averages of body weight would be more effective 

It IS hardly necessary to point out at this time that reasonablj good 
sized families are very desirable, and a rclativclj large number of single- 
male pen matings should be maintained each jear Both of thc=c 
stipulations arc necessaiy to permit intense '^election of future breeders 
since manj genes determine rate of growth, bod> tjpe, and fleshing 
abihtj 

Since it has been shown that there arc maternal effects upon bod> 
weight, the selection of future breeding females is quite important 
Since it Ins also been ‘^liown that the ‘Jire tran«;mits bodv tape to his 
progenv to a high degree, it is necc^'^iO to give greater con'^idcrition to 
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average sire has about ten times as manv progenv in the avenge dam 
Tliat is vvhv It IS «o important to test as mmv ‘.nxs as po '•tble oacli 
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10 ‘ Egg Production 

The principal objective in breeding for high egg production is to in- 
crease the efficiency of the laying stock in ‘the utilization of feed, since 
feed cost amounts to over one-half or usually about tu'O-thirds of the 
total cost of producing eggs 

During 1945 to 1947, the average annual gross income obtained from 
eggs, farm-raised chickens, and commercial broilers in the United States 
was $2,955,284,000. Eggs contributed 62 5 per cent of this income; 
farm-raised chickens contributed 27.8 per cent; commercial broilers 
contributed 9.7 per cent. It is evident, therefore, that egg production 
is the major interest of most farmers and commercial poultrymen As 
a matter of fact, the income obtained from farm-raised chickens results 
largely from the sales of surplus cockerels and unwanted pullets from 
flocks raised primarily for laying-flock replacement purposes. 

Maintenance Requirements. Feed consumed by layers is used for 
maintenance, for any increase in body weight that may occur, and for 
egg production. By far most of the feed that layers consume is used 
for maintenance. Large birds use relatively more of their feed for 
maintenance than small birds. Of t\\o birds of the same size and laying 
the same number of eggs, the one laying the larger eggs consumes 
slightly more feed than the otlier. 

Joshi, Shaffner, and Jull (1949), in a studj' involving Kew Hampshire 
laying pullets, observed that ulien these birds uerc laying at the rate 
of 72 per cent, approximately 71 per cent of the feed tlicy consumed 
was used for maintenance, 2 per cent for increase in body u eight, and 
27 per cent for the production of eggs. 

Birds that lav no eggs yield no profits to the poultrj’ producer bccau'^c 
all the feed consumed is used for maintenance Tliat is vhy regular 
culling of tlio laying flock is desirable. Unprofitable pro<luccrs', if in 
good phy.sical condition, sliould be sold for their meat value, thus reduc- 
ing cost of feeding tlic flock. 

TIio rate of egg production is the most important factor that influonrc'* 
the fcc<I cost of producing eggs. Since maintenance nHjuirtincnt-^ in- 
cre.asc in proportion to incrc.a>e in Ixxly size, many jK-ople entering the 
bu'^ines.s of producing market or hatching eggs want to knou ulaUher 



10 ‘ Egg Production 

The principal objective in breeding for high egg production is to in- 
crease the efficiency of the laying stock in ‘the utilization of feed, since 
feed cost amounts to over one-half or usually about tu'O-thirds of the 
total cost of producing eggs 

During 1945 to 1947, the average annual gross income obtained from 
eggs, farm-raised chickens, and commercial broilers in the United States 
was $2,955,284,000. Eggs contributed 62 5 per cent of this income; 
farm-raised chickens contributed 27.8 per cent; commercial broilers 
contributed 9.7 per cent. It is evident, therefore, that egg production 
is the major interest of most farmers and commercial poultrymen As 
a matter of fact, the income obtained from farm-raised chickens results 
largely from the sales of surplus cockerels and unwanted pullets from 
flocks raised primarily for laying-flock replacement purposes. 

Maintenance Requirements. Feed consumed by layers is used for 
maintenance, for any increase in body weight that may occur, and for 
egg production. By far most of the feed that layers consume is used 
for maintenance. Large birds use relatively more of their feed for 
maintenance than small birds. Of t«o birds of the same size and laying 
the same number of eggs, the one laying the larger eggs consumes 
slightly more feed than the otlier. 

Joshi, ShalTner, and Jull (1949), in a studj' involving Kew Hampshire 
laying pullets, observed that ^vlien these birds uerc laying at the rate 
of 72 per cent, approximately 71 per cent of the feed tlicy consumed 
was used for maintenance, 2 per cent for increase in body u eight, and 
27 per cent for the production of eggs. 

Birds that lav no eggs yield no profits to the poultrj’ producer bccau'^c 
all the feed consumed is used for maintenance Tliat is vhy regular 
culling of tlio laying flock is desirable. Unprofitable pro<luccrs', if in 
good physical condition, sliouki be sold for their meat value, thus reduc- 
ing cost of feeding tlic flock. 

The rate of egg production is the most important factor that influonrc'* 
the fcc<I co-st of producing eggs. Since maintenance rcHjuirtmcnts m- 
cre.asc in proportion to incrc.'i>e in Ixxly size, many iK-ojile entering the 
bu'^inevs of producing market or hatching egg*' uant to knou ulaUher 



Yearly Rate of Lay 


TABLE 13 


Pounds of Feed Required to Produce 1 Dozen 2 Ounce Eggs by Birds, without 
Gain or Loss in Weight, Laying at Specified Rates 

(Byerly 1941) 


Eggs per 
100 Birds 


Average Body Weight, pounds 


per Day 

5 

A 

6 

6 

7 

10 

17 0 

20 3 

23 2 

25 9 

28 4 

20 

9 4 

11 0 

12 4 

13 8 

15 1 

30 

Q 8 

7 9 

8 9 

9 8 

10 6 

40 

5 G 

G 4 

7 1 

7 8 

8 4 

50 

4 8 

5 4 

C 0 

6 6 

7 1 

60 

4 3 

4 8 

5 3 

5 7 

6 2 

70 

3 9 

4 4 

4 8 

5 2 

5 5 

80 

3 G 

4 0 

4 4 

4 7 

5 1 

90 

3 4 

3 8 

4 1 

4 4 

4 7‘ 

100 

3 2 

3 G 

3 9 

4 1 

4 4 

allowed different amounts of feed 

The firet 

group was 

allowed free 


access to the feed at all times, and records were kept of the amount of 
feed consumed each day The second group uas given 87 5 per cent 
as much feed as that consumed by the first group the preceding day 
The third group vas given 75 per cent as much feed as that consumed 
by the first group the preceding day Egg production of the second 
group vas 68 2 per cent of that of the first group, and egg production 
of the third group was 47 5 per cent of that of the first group In other 
ivords, the decrease in egg production of the second and third groups 
was a little more than ti\ ice as much as the decrease in feed intake 
Readers who may be interested m further observations on the gross 
and net efficiency of egg production as influenced by body weight and 
level of production should consult Almqmst (1944), Brody (1945) 
Brody, Funk, and Kempster (1938), Loosli (1947), and Maynard (1946) 
Yearly Rate of Lay. From 1924 to 1948, the tiend m rate of lay 
showed a perceptible upward trend, except during the period of eco- 
nomic depression m the early thirties (see Fig 81) This steady increase 
m rate of lay resulted from secunng more early-hatched chicks, more 
efficient laying-flock management, better-balanced diets, flocks con- 
taining a higher percentage of pullets, improvement in the “bred-to- 
lay” quality of the laying flocks, and other factors Poultry breeders 
like to think that the major influence determining the increased rate 
of lay which has taken place has resulted from the selection and progeny 
testing that has been earned on for manj jears to deielop superior 
laj mg strains It should be kept m mind, hou ci er, that en\ ironmental 
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TABLE 13 


Pounds of Feed Required to Produce 1 Dozen 2 Ounce Eggs by Birds, without 
Gain or Loss in Weight, Laying at Specified Rates 

(Byerly 1941) 


Eggs per 
100 Birds 


Average Body Weight, pounds 


per Day 

5 

A 

5 

6 

7 

10 

17 0 

20 3 

23 2 

25 9 

28 4 

20 

9 4 

11 0 

12 4 

13 8 

15 1 

30 

Q 8 

7 9 

8 9 

9 8 

10 6 

40 

5 G 

6 4 

7 1 

7 8 

8 4 

50 

4 8 

5 4 

6 0 

6 6 

7 1 

60 

4 3 

4 8 

5 3 

5 7 

6 2 

70 

3 9 

4 4 

4 8 

5 2 

5 5 

80 

3 6 

4 0 

4 4 

4 7 

5 1 

90 

3 4 

3 8 

4 1 

4 4 

4 7‘ 

100 

3 2 

3 C 

3 9 

4 1 

4 4 

allowed different amounts of feed 

The first 

group was 

allowed free 


access to the feed at all times, and records were kept of the amount of 
feed consumed each day The second group uas given 87 5 per cent 
as much feed as that consumed by the first group the preceding day 
The third group vas given 75 per cent as much feed as that consumed 
by the first group the preceding day Egg production of the second 
group vas 68 2 per cent of that of the first group, and egg production 
of the third group was 47 5 per cent of that of the first group In other 
^\o^ds, the decrease m egg production of the second and third groups 
was a little more than t\\ice as much as the decrease in feed intake 
Readers who may be interested m further observations on the gross 
and net efficiency of egg production as influenced by body weight and 
level of production should consult Almquist (1944), Brody (1945) 
Brody, Funk, and Kempster (1938), Loosli (1947), and Maynard (1946) 
Yearly Rate of Lay. From 1924 to 1948, the tiend m rate of lay 
showed a perceptible upward trend, except during the period of eco- 
nomic depression m the early thirties (see Fig 81) This steady increase 
in rate of lay resulted from secunng more early-hatched chicks, more 
efficient laying-flock management, better-balanced diets, flocks con- 
taining a higher percentage of pullets, improvement in the “bred-to- 
lay” quality of the laying flocks, and other factors Poultry breeders 
like to think that the major influence determining the increased rate 
of lay which has taken place has resulted from the selection and progeny 
testing that has been earned on for manj jears to deielop superior 
lajing strains It should be kept m mind, houeier, that en\ ironmental 
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period from 1945 to 1947, the season of relatively high egg pnces This 
change in seasonal pattern of production has not only meant increased 
returns to producers but has also resulted in a decrease in storage hold- 
ings Consumers are able to secure more fresh eggs dunng the winter 
months than m former years 

ENVIRONMENTAL FACTORS AFFECTING 
EGG PRODUCTION 

There are several environmental factors that affect rate of lay and 
the total number of eggs produced by a flock during the laying year 
Poultry breeders can ill afford not to keep these factors m mind in 
attempting to appraise the relative laying ability of succeeding genera- 
tions of pullets produced dunng a long-time breeding program This 
IS particularly true when the time comes to select future breeders from 
among the families of full-brothers and full-sisters produced each year 
Date of Hatch. With respect to commercial broiler production, 
chicks are hatched the year round so that date of hatch is not of par- 
ticular concern With respect to market egg production, however, the 
approximate date or season of the year when chicks are hatched is of 
some importance Each year by far most of the chicks secured for 
laying-flock replacements are purchased dunng February through May 
Since White Leghorn females have a lower adult body weight than 
general-purpose females. White Leghorn pullets attain sexual maturity 
and mature body weight relatively sooner than general-purpose pullets 
and therefore can be purchased from 2 to 4 weeks later than the latter 
and still start to lay about the same time 

In some cases, chicks hatched dunng Januar 3 " and February may 
start laying during July or August and, after lajing for a few weeks, 
undergo a partial neck molt On the other hand, in southern sections 
of the United States, chicks hatched during June and later maj bo 
retarded m growth because of excessive heat, as pointed out m Chapter 9 
The point of this discussion is that the pedigree poultry breeder 
should hatch his chicks each year at a time that w ill permit the proper 
evaluation of families of fulI-sisters and families of half-sisters with 
respect to ago at sexual matunty and first-year egg production 

Location and Management. Guttendgo and O’Neil (1942) re- 
ported that egg production was influencerl bj eniironmcnt to a greater 
extent than by heredity in the case of three strains of pullets of the 
same breed kept at each of three wideb scattered locations The 
strains were designated A, B, and C, respectii elj , and tlic locations 
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period from 1945 to 1947, the season of relatively high egg prices This 
change in seasonal pattern of production has not only meant increased 
returns to producers but has also resulted in a decrease in storage hold- 
ings Consumers are able to secure more fresh eggs dunng the winter 
months than in former years 
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EGG PRODUCTION 
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the total number of eggs produced by a flock during the laying year 
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chicks are hatched the year round so that date of hatch is not of par- 
ticular concern With respect to market egg production, however, the 
approximate date or season of the year when chicks are hatched is of 
some importance Each year by far most of the chicks secured for 
laymg-flock replacements are purchased dunng February through May 
Since White Leghorn females have a lower adult body weight than 
general-purpose females, White Leghorn pullets attain sexual maturity 
and mature body weight relatively sooner than general-purpose pullets 
and therefore can be purchased from 2 to 4 weeks later than the latter 
and still start to lay about the same time 

In some cases, chicks hatched dunng January and February may 
start laying during July or August and, after lajing for a feu ueeks, 
undergo a partial neck molt On the other hand, in southern sections 
of the United States, chicks hatched during June and later may bo 
retarded in growth because of excessive heat, as pointed out m Chapter 9 
The point of this discussion is that the pedigree poultry breeder 
should hatch his chicks each year at a time that will permit the proper 
evaluation of families of fulI-sisters and families of half-sisters uith 
respect to age at sexual matunty and first-year egg production 

Location and Management, Guttendge and O’Neil (1942) re- 
ported that egg production uas influenced bj cniironmont to a greater 
extent than by heredity m the case of three strains of pullets of tlio 
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that the time of laying is influenced by the activity of the birds during 
the feeding penod irrespective of the lighting penods employed (Fraps, 
Neher, and Rothchild 1947) 

Since artificial lighting is so universally practiced, the poultry breeder 
should treat all full-sister families and all half-sister families on a com- 
parable basis for the proper appraisal of family averages 
According to Dobie, Carver, and Roberts (1946), providing artificial 
fighting in the laying house dunng the fall and winter months to give 
the birds a 13-hour working day tends to increase the fall and early 
winter egg production of pullets Rilej and Byerly (1943) demon- 
strated the effectiveness of a 14-hour lighting penod in maintaining 
good egg production among yearling hens For best results, pullets of 
different ages should be kept m separate pens and the yearlings should 
be kept by themselves 

Light is usually provided by 40-watt Mazda lamps Each lamp will 
provide sufficient lighting for about 200 square feet of floor space, in a 
long laying house the lamps are spaced about 10 feet apart The lamps 
are located about 6 feet above the floor and are arranged to shine on 
the roosting quarters m order to encourage the birds to leave the roosts 
when the lights come on m the morning 
The lighting system most widely used consists in using morning 
lights only, because it is simpler and at dusk the daj’s work is done 
Also, no dimming sjstcm is ncccssarj It is rerj important to gi\o the 
brds practicallj the same amount of artificial light and daj light from 
day to daj Eailure to turn the lights on a few mornings maj cause a 
drop in egg production 

Artificial Lighting Jor Pullets Wien lajing pullets arc placed in the 
lajing house in the fall of the j car, thej arc still in a growing condition 
Gning them a 13-hour da) b) means of artificial lights in the morning 
stimulates egg production Teed consumption is increased, so that 
thci keep on growing and lasing well at the «amc time Morning arti- 
fici il lighting should be continued until about \pnl 1 Feed and w ilor 
should he a\ iilahle for the birds when the lights arc aiilomitirilb 
turned on carl) m the morning In cold climates the water should lie 
kept from freezing b\ the ll'-e of water he iters 

Artificial Lighting for Yearlings During Jilb and August egg pro- 
duction IS hkch to drop considerabb Pome hens start to molt and 
other, also tend to la-c bodl weight and slop laiing Ilegmniiig about 
lull I, it IS a good pnclicc to cull the flock Ihoroiighb C in mil-t 
be taken to prrtent thi timls from el lekemng in their fied con-iimption 
and thus lasing liodi weight IJi using artificial lighting lont.incil 
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provide sufficient lighting for about 200 square feet of floor space, in a 
long laying house the lamps are spaced about 10 feet apart The lamps 
arc located about 6 feet above the floor and are arranged to shine on 
the roosting quarters in order to encourage the birds to leave the roosts 
when the lights come on m the morning 
The lighting system most widely used consists in using morning 
lights only, because it is simpler and at dusk the daj’s work is done 
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research is necessary before it can be demonstrated that the feeding of 
thyroprotem is a practical means of increasing egg production 
Treating WTnte Leghorns in their first year of egg production nith 
thiouracil and thyroxine, led Booker and Sturkie (1950) to conclude 
that the rate of thyroxine secretion differed between birds that laid at 
the rate of two eggs per clutch and birds at the rate of four eggs per 
clutch 


PHYSIOLOGICAL FACTORS RELATED TO EGG 
PRODUCTION 

There are certain physiological factors related to egg production to 
which some attention must be given by the poultry breeder to enable 
him to make the most efficient selection of breeding stock each j ear 
Body Size It has been pointed out pre\ lously that size of bird is of 
economic importance in egg production, since the larger the bird the 
greater the amount of feed consumed for body maintenance On the 
other hand, the salvage value of the larger bird is greater ivhon egg 
production ceases Also, good body size is important in breeding flocks 
kept for the production of eggs that are to be hatched into “broiler 
ehicks 

Among flocks that have not been bred especially for high egg produt 
tion, there is a tendency for the largest birds to lay relatnely the fenesi 
eggs On the other hand, in flocks that ha\e been hied for high egg 
production and nhere selection for body size Ins been practiced m the 
breeding program there appears to be little correlation betneen bodj 
size and egg production Atnood and Clark (1930) and Biyant and 
Stephenson (1945), among others, obserted little or no relationship be- 
tneen body size and egg production On the other hand, Ilajs (1939) 
submitted evidence shoii ing that in some sti iins of different broeiK 
there was a negatiio correlation betneen bodi size and tgg produtlioii 
Also, Quisenberiy, Roberts, and Gird (1941) nlio made rcciproi il 
crosses betneen Dark Cornish and White I egliorns vcciircd results in 
the r, generation indicitiiig linkage lictnceii factors for bodj size and 
egg production Thcio nas a significant iicgitne corrol ition (-0 3li) 
betneen bod\ size and egg proiliiction 

Culling to 41011110111 iniciinl loud of rrodiictioii Ccrl nil 
plitsical eh iraclers can be llscd to distinguish birds ninth are in liiini, 
condition from those nhich arc not IiMiig iiiid urtiili phisiologitd 
changes that take pi ice in rclition to egg production in ikt it pos ihli 
to distinguish the lic't I iser. from the piion't ones if oh < laolioiis an 
made at sufiiiieiit intend- Although tin -iltation of pnejaaliii 
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ment in the beak, shanks, toes, vent, and eye ring and m the nhite of 
the ear lobe of breeds having normally white ear lobes The yellow 
pigment comes from the feed which the birds eat When a pullet starts 
to lay, the yellow pigment of the feed is diverted to the yolks of the 
eggs instead of going to the beak, shanks, and other parts noted prei i- 
ously As long as egg production continues, these parts gradually lose 
their pigment, so that they become bleached in appearance (see Table 
14) The longer a bird continues to lay, the greater the degree of bleach- 
ing The yellow pigment does not return to the beak, shanks, and 
other parts until production ceases 

TABLE 14 

Average Annual Egg Production op Groups of hite Leghorn Hen s Selected 
ON the Basis op Vent Beak and Shank Ck>LOR 

(Blakeslee Hams A\amer and Kirkpatnck 1917) 

Number of Birds and ^fean Annual Production 




Vent 


Beak 


Shanks 

Color Class 

Birds 

Production 

Birds 

Production 

Birds 

Production 

Pale 

101 

190 

114 

184 

141 

179 

Medium 

91 

152 

80 

103 

104 

IGl 

Yellon 

183 

13C 

181 

132 

130 

123 

Hntire flock. 

375 

155 

37o 

155 

375 

155 


The order in which the pigment disappears from the different puts 
18 as follows (1) from the tent, (2) from the eje ring which is formed 
by the inner edges of the ejelid, (3) from the car lobes of breeds haring 
white ear lobes, such as Leghorns, (4) from the hcak, beginning at the 
base and extending toward the tip, (i) from the shanks, disappearing 
first from the front of the shank and later from the rear 

Under arerage conditions, a complelelj bleached beak indicitcs that 
tile lien lias been lajing for 4 to 0 weeks where is completclr bleached 
shanks indicate tli it the hen has been hit mg for 20 to 2 1 weeks 

It should be kept in mind (hat the degree of ilc[)igmciit ition at am 
particular time is not an index of the length of the laiing icar fill'' 
fact w as established In I truer (lOtO) m W liiti f cglmrn pullets 

'I line niid niir.ition of 'Mnll Llidcr nonmil toiiditioiis tin nirigi 
In mg bird usiialli undergoes her first rompleli iiminl molt at iIk 
conclusion of her first xcir of linng 'liit time and diirntioii of tin 
first niimial molt ire important points in di'tmguisliing lietwisii pisir 
and good liicis iiinls that moll eirh im iisii db tlie poorest lants 
I he bird that is a poor Iner i|sii dh slops In mg in Jiih or liigii't 



m 


Time and Duration of Molt 

ment m the beak, shanks, toes, vent, and eye ring and m the nhite of 
the ear lobe of breeds having normally white ear lobes The yellow 
pigment comes from the feed which the birds eat When a pullet starts 
to lay, the yellow pigment of the feed is diverted to the yolks of the 
eggs instead of going to the beak, shanks, and other parts noted prei i- 
ously As long as egg production continues, these parts gradually lose 
their pigment, so that they become bleached m appearance (see Table 
14) The longer a bird continues to lay, the greater the degree of bleach- 
ing The yellow pigment does not return to the beak, shanks, and 
other parts until production ceases 

TABLE 14 

Average Annual Egg Production of Groups of 1\ rite Leghorn Hens Selected 
ON the Basis of Vent Beak and Shank Color 


(Blakeslee Hams A\ amer and Kirkpatrick 1917) 

Number of Btrda and Mean Annual Produclion 
Vent Beak Shanks 


Color Class 

Birds 

Production 

Birds 

Production 

Birds 

Production 

Pale 

101 

190 

114 

184 

141 

170 

Medium 

91 

162 

80 

103 

104 

IGl 

Yellou 

183 

130 

181 

132 

130 

123 

Entire flock. 

375 

155 

37o 

155 

375 

155 


The order in which the pigment disappears from the different pirts 
18 as follows (1) from the rent, (2) from the ejo ring which is formed 
by the inner edges of the ejclid, (3) from the car lobes of breeds Iming 
white ear lobes, such as Leghorns, (4) from the he-ik, beginning at the 
Insc and evtcnding toward flic tip, (5) from the sinnks, disippcaring 
first from the front of the shank and later from the rear 

Under aterage conditions, a complelelj bleached beak indicites that 
the hen has been lajing for 4 to 0 weeks where is completcli hicaclicd 
shanks indicate th it the hen has been lining for 20 to 21 weeks 

It should be kept in mind that the degree of dcingmcnt ition nl nm 
particular time is not an index of the length of the lining \(ar iiii'' 
fact was cstabh-hed In I truer (1012) in WhiU I igliorn pullets 

'I imt niid niir.itioii of 11011 Lmlcr iionnal londitioiis thi ninci 
Ining bird usiialK undergees her fip.t rompleli inniid molt at iIk 
conclusion of her fir-l tcir of Ining Tin time nnd diirntion of thi 
first nnmial molt ire important points in di-tingimhing IicIwinii pisir 
and good Incr- Hinl- 'll'' '•‘''I' n-n db the poort-l laM r- 

Ihc bird that n n poor Incr n-ii dh 'lop- Ining in Juh or fogn-t 
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feathers in each nmg, and, when the complete bodj molt begins, the 
first primary to be dropped is the inner one ne\t to the axial feather 
(see Fig 83) 

In the case of the earlj molter, 2 weeLs after the first primarj is 
dropped, the second one, next to the axial feather, is shed, and at 2-n eek 



Tio 83 M mg of a Barred Plj mouth Bock shoeing ten pnraao ft illicit n Inch an 
separated from the sccondao feathers bj llie diort aaiai h athcr marked \ (H 1 
Phllhpr Unit ofMirjIand) 



279 


Time and Duration oj Molt 

feathers m each nmg, and, when the complete bodj molt begins, the 
first primary to be dropped is the inner one ne\t to the aj-ial feather 
(see Fig 83) 

In the case of the earlj raolter, 2 neeks after the first pnmarj is 
dropped, the second one, next to the axial feather, is shed, and at 2-n eek 



Tio 83 M mg of a Barred Plj mouth Bock slioauig ten pnraar> It illicit n liicli an 
separated from the sccondao feathers bj ttie etiort axial h athor marked \ (It 1 
Plullip-* Uni\ of M irj 1'“*^ ) 
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Caution in Culling 

primaries, many high producers materially shorten the time necessan 
to complete their «ing molt It is apparent therefore, that the time 
durtiOT criterion of continuous pro 

Greenwood (1936) made the interesting observation that as long as 
the ovary and oviduct remain functionallj active the process of molting 



Tig 85 W jhr of a fast molting bird To tlic left of tlic i\nl ft. dlit r (\) Tuc pn 
mary featliers slied at about the same time arc being rcphwd (HI It illij « 
Unu of M »0 I ‘'‘d ) 
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primaries, many high producers materially shorten the time necessarj 
to complete their \\ing molt It is apparent therefore, that the time 
and duration of the molt serves as a good criterion of continuous pro 
duction 

Greennood (1936) made the interesting observation that as long as 
the ovary and oviduct remain functional!} active the process of molting 
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TABLE 16 

Mortautt and Eaa PnonncrioN Records of the « kite Leghorn Progeny 
OF Each op Twelve Sires 


(Lemer and Taylor 1940a) 




Mortality 

Hen Housed 

Survivors 


Daughters 

among 

Average Egg 

Average I gg 


Housed 

Daughters 

Production 

Production 

Sire 

number 

per cent 

number 

num!>er 

G14 

87 

2a 

178 

214 

G36 

79 

56 

93 

Io2 

G52 

62 

27 

100 

22 j 

H8 

61 

36 

1^8 

203 

H33 

52 

21 

lf3 

191 

H42 

56 

01 

114 

103 

H43 

60 

38 

135 

ISO 

H46 

08 

CO 

111 

100 

H62 

66 

30 

178 

227 

H79 

99 

24 

1 09 

193 

H90 

9o 

26 

ICC 

197 

H91 

61 

41 

154 

204 


and the amount of culling should be taken into consideration in attempt 
ing to appraise the real breeding north of sires and dams Also, if a 
production index is used from year to year as a measure of famil} a\ or- 
age egg production, poultry breeders must keep m mmd tlmt, since the 
amount of mortality afTects the production index, any year showing 
excessiie mortality may lead to a distorted appraisal of the results 
lemer and Taylor (1910a) concluded that controlled culling not 
only results m some economy of feed cost m producing eggs but also 
salvages the market meat xaluc of tho‘=c birds tliat arc culleil while 
still in good physical condition but would probablv hn\o diwl before 
the end of the first laving year rurthermore, controlled culling of ‘.ire 
families during (he first laying year at levels of 12 to 21 f>er lenl m ikes 
possible the ranking of the sires acconimg to tlieir relative mint*. 

Bird ami Sinclair (193S) ob^crvcvl that culling tlic poorest livers up 
to 23 per cent of each «ircs familv still pcmiilte<J the projnr rinking 
of the sires and their progenies All «iro familn'i should Ik ciil}{'<l nl 
npproximatch the imc level Ncvirlluless thi re niu«t Ik* •■onie limit 
to the extent of culling prictitoiJ <»‘«|K<nII\ vinre mortalitv u»ti illv 
removes a cotiMdcnble immlKr or there will Ik* twi feu Mirvivorn of n 
familv nt the end of tlic fir>t I iving \<ar h p irtirul irlv imi>ortant 

m the ca«o of the d lughtcrs of * irh dam Binl ami Sinclair Micg 
‘ that the cliance< for a male to qtiahfv a** n tnilv mp^nor I rr^'<Iirg ftrr 
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TABLE 16 

Mortality and Ego pRonncrioN Records of the White Leghorn P^oGE^Y 
OF Each op Ttvelvb Sires 

(Lemer and Taylor 1940a) 
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Daughters 

Production 
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Sire 

number 

per cent 

number 

num!>er 

G14 

87 

29 
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214 
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79 

56 

•n 

Io2 

G52 

62 

27 
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229 

H8 

61 

36 
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203 

H33 

52 

21 

lf3 

191 

H42 

56 

61 

114 

103 

H43 

60 

38 

135 

ISO 

H46 

68 

CO 

111 
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H62 

66 

30 

178 

227 

H79 

99 

24 

IG9 

1 93 

H90 

9o 

26 

ICC 

197 

H91 

61 

41 

154 

204 


and the amount of culling should be taken into consideration in attempt 
mg to appraise the real breeding north of sires and dams Also, if a 
production index is used from year to year as a measure of famil> a\cr- 
age egg production, poultry breeders must keep m mmd that, since the 
amount of mortality affects the production indcv, anj, jear shoning 
e\cessi\e mortality may lead to a distorted appraisal of the results 
lemer and Taylor (1910a) concluded tint controlled culling not 
only results m some economy of feed cost m producing eggs but also 
salvages the market meat \nluc of tho‘=c birds tliat arc culleil while 
still m good physical condition but would probabK !ui\o dic<I before 
the end of the first laving year rurtbermore, controlled culling of ‘.iro 
families during (lie first hying year at levels of 12 to 21 i>er lent m ikes 
possible the ranking of the sires ncconling to tlieir relative mint** 
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(1927a), Atwood (1929), and Heywang (1938). Egg production, bar- 
ring disease, normally follows a definite rhythm, the interval in hours 
between the laying of eggs on consecutive days depending upon the 
size of the clutch. There is a regular trend of reduced time intervals 
between layings in a clutch as the clutch size increases. Heywang 
observed that, although the time sequence in the laying of successive 
eggs in clutches follows a regular trend, exceptions sometimes occur 
among birds that lay small or large clutches Hays (1936c, 1938), 
among others, observed that the shortest time intervals between layings 
within clutches were characteristic of birds laying large clutches. Also, 
the larger the clutch size, usually the shorter the interval between 
clutches and the higher the annual egg production. It is obvious, 
therefore, that clutch size constitutes a sound measure of laying ability. 

No Cycles of Production. In a number of cases in the early studies 
on the inheritance of egg production it was customary to divide first- 
year egg production into four rather arbitrary periods: winter, spring, 
summer, and fall. Eggs laid during these periods were called “cycles 
of production.” The interesting observations of Pearl (1915a, 19156) 
and Pearl and Surface (1911) in their extensive analyses of egg-produc- 
tion records in Barred Plymouth Rocks at the Maine Experiment 
Station were largely responsible for the adoption of so-called “winter 
cycle” as a criterion of inherent laying capacity among birds. Before 
the time of their investigations it was rather unusual for birds in the 
United States to lay many eggs during the winter months, and, since 
they found that the best winter layers were usually the best annual 
layers also, they concluded that the winter cycle of production, from 
the first of November to the last of February, was of considerable sig- 
nificance in determining the inherent laying capacity of a bird A 
cycle of production was defined by Goodalo (1918a) as a period of pro- 
duction alternating with a period of decreased production or ccs-sation 
of production. It should be obsen-cd at this time, however, that thc'>e 
so-called cycles of production were purely arbitraiy dcsignatioius. 

Moreover, after a comprehensive study of records of production ni 
Wliite Leghorns at tlie Utah Experiment Station, reported by Ball, 
Turpin, and Alder (1914) and by Ball, Alder, and Egbert (1916), Ball 
and Alder (1917) were led to believe that tlie winter cycle does not 
represent correctly a biological entity. They also stalc<l that a rccorti 
of production of 3 years is a safer guide than the record for the pullet 
year only in determining tlic inherent laying nliility of n bird Goodale 
(19186) found no evidence of (he existence of a winter cycle among 
Uhodo Island at the Ma.ssachu^tts Experiment Station Hnxly 

(1921), from an anal\>is of tlie first year of production of 1210 Bamti 



No Cycles of Production 285 

(1927a), Atwood (1929), and Heywang (1938). Egg production, bar- 
ring disease, normally follows a definite rhythm, the interval in hours 
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molt Hays (1943) observed that in the Massachusetts Experiment 
Station flock of Rhode Island Reds the biological laying year averaged 
377 days, 12 days longer than the calendar laying year of 365 days from 
commencement of laying From the standpoint of record keeping, it 
IS much simpler to determine first-year egg production on a calendar 
basis, this being the customary basis used by practically all poultry 
breeders 

For many years the trapnest has been employed as a means of deter- 
mining the number of eggs laid by the members of a flock Cook (1937) 
reported that in 1869 the United States patent office issued a patent 
to D P Leich for a trapnest although this nest nas apparently not 
practical In 1899 a patent was issued to George I Lytle for a trap- 
nest that apparently was practical However, trapnesting was probably 
earned on by a limited number of poultry breeders before that time 

In the early days of trapnesting, many poultry breeders considered 
it very important to determine the exact numbers of eggs laid by each 
member of the flock Trapnesting a flock of layers throughout the 
first laying year is labonous, time consuming, and expensive More- 
over, except for publicity purposes m the event of a phenomenal record, 
the exact number of eggs a bird lays dunng her first laying year has 
relatively little significance in determining her breeding w orth Hervey 
(1923) secured the following results with White Leghorns 

Range in egg production of <]ams 201-230 231-200 261-290 

Average egg production of daughters 170 187 213 

Jull (1934a, 19346) and Hajs (lO^Ga) concluded tint the dam s first- 
jc'ir record of egg production could not be used as a entenon of her 
breeding alnlity Ha3S secured the following results uith Rhode Isl ind 
Reds tint for se\eral jcirs had been bred for high egg production 

Range in egg protiuction of dam^ ISO 219 220 2>9 260 29‘> 300 330 

\\omgc tgg proiluction of dTUgbters 100 211 220 228 

Ilcrvcj (1923), Munro RircJ, and Hopkins (1937) and Hn>s (lOiUa) 
reported corrcHtions of OOIT, 0 152 and 0 119 rcspcctueb Iietooen 
the first-tcir egg pro<liulion of dams and llitir dnughterv riir^o <or 
rthtion \alucs and the dat i of TIor\c\ and Ilins indic it< tint oilhin 
a nitfier u idc range of egg production the dam s record not a n h ihl 
indt\ of her hrccding abiliU lln\H (1919) -nggested tint dims i tn 
mg as much as about 10 egg** could Ih ix(Katc<I to priKliir. diiiglurn- 
\Mlh himilir egg'prwiuction records Ihe pirtauhr fximt of 
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per month and pointed out that size of family, full sisters or half- 
sisters, ^as a factor to be considered 

Numerous poultry breeders participating m the record of performance 
stages of the National Poultry Improvement Plan trapnest their birds 
3 days per ueek, this method having been found to be sufficiently 
reliable, especially uith respect to determmmg the average egg produc- 
tion per family Trapping 3 days each ueek makes possible the trap- 
ping of twice as many birds with the same amount of labor as with 
trapping 6 or 7 days a week, more families from more matings could 
be tested, and a more intensive selection program could be earned on, 
which in turn should lead to more rapid progress in developing high- 
laying strains 

A 300-Day Trapnest Year. Trapnestmg birds for the entire first 
laying year from commencement of laying means that many of these 
birds still occupy the laying house or breeding pen from August to 
December In many cases family-average egg-production records 
cannot be computed until some members of numerous families of full- 
sisters complete their first laying year in October or later This is long 
after the new crop of pullets should be housed In order to give poultry 
breeders an opportunity to clean and disinfect the laying houses and 
breeding pens in plenty of time for the new crop of pullets, a 300 daj 
trapnest year is emploj ed instead of a 365 day trapnest year 

The 500-Daj Test. Hutt (1949) has found the 500 day test to be 
very satisfactory in carrying on his extensive breedmg program at 
Cornell Uni\ersity Egg production records include the eggs laid from 
commencement of laying to 500 dajs of age for each bird Since chicks 
are hatched at weekly intervals during the normal breeding season 
this method makes it possible to discontinue trapping the lajcrs at 
weekly intervals as they reach 500 dajs of age In this waj, lajing 
houses and breeding pens can be made read} in ample time to house 
the new crop of pullets at weekly or less frequent inteiwals if such is 
deemed desirable 

YEARLY DECLINE IN EGG PRODUCiION 

Although a few hens ha\ e been known to laj more eggs m their second 
lajmg jear than in their first la>jng jear, m bj far most of the 0-1=0^ 
there IS a decline in egg production with each succeeding >car Fho 
jcarlj decline in egg production is of economic importance to egg pro- 
ducers, because it is related to the problem of deciding liou min\ of 
the best first-joar Hj ers should be kept for llie ‘^ccond In ing leir It 
has long been the custom of man\ egg producers to msintsin flocks 
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In Fig 87, data by Insko, Steele, and Wightman (1947) are given 
pertaining to the average egg-production records for each of 3 years 
for a selected group of White Leghorns and of Rhode Island Reds, 
respectively For the White Leghorns, second-year production nas 
about 28 per cent less than first-year production, and third-year produc- 
tion was about 13 per cent less than second-year production For 
the Rhode Island Reds, second-year production vas about 31 per cent 
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Fia 87 Showing the decline in aonual egg production m Uhjto Leghorns and Rhode 
Island Reds, respectively (Chart made from data of Insko, Steele, and Wightman, 
1947) 

less than first-year production, and third-year production was about 
24 per cent less than second-year production 

Interesting data on the decline in yearly egg production o\cr a period 
of 10 years in a flock of 200 WHiite Leghorns m vhicli no culling v.'is 
practiced have been made available bj Clark (1940) The cgg-produc- 
tion records given m Tabic 18 pertain to sur\i\ors at tlic end of each 
laying j car 

The data in Table 18 indicate that, o\cr a period of 3 cars in large 
uncullcd flocks, the percentage of decline in jearh egg production 
Axould be at a fairl> regular rate in the absence of mortalitj from an 
epidemic any guen jear 

Among 243 Rhode Island Reds, Ilaja (1913) ob-cned tint their 
first-jcar a\crnge of 237 eggs dropped to a second \car a\crige of 171 
a decline of about 31 per cent In 1919, Ilax** nportwl a ir 

n\ornge of 232 eggs and a second-jear a^c^agc of 1.32 eggs among IIS 
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practiced have been made available bj Clark (1940) The egg-produc- 
tion records given m Tabic 18 pertain to sur\i\ors at the end of each 
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epidemic any guen jear 

Among 243 Rhode Island Reds, Ilajs (1913) ob-cned tint their 
first-jear n\crage of 237 eggs dropped to a second \car a\crige of 171 
a decline of about 31 per cent In 1919, Max'* nportwl 1 ir 

n\cmgc of 232 eggs and a second-jear a^crlgc of 1.32 eggs among IIS 






Factors Determining Egg Production 2'}j 

of the decline in eg? production each succes^^ive year and that decrea.ap 
in rate of lay" wae responsible for about 10 per cent of the decline 
Sustained Higli Yearly Production. Although it has been shoun 
that egg production normally declines each succe^'-sive year, there are 
instances in which a high level of egg production has been sustained over 
a period of years From the standpoint of the poultry breeder, birds 
that lay well over a period of years may prove to be valuable breeders, 
especially if by progeny testing they have demonstrated their ahiht}’ 
to transmit high laymg ability. Such birds have demonstrated that 
they had the ability to resist the organisms of di«!ea«e that are usiialh- 
present on most poultry plants A number of pnT.ate breeders and a 
few experiment stations have reported records of egg production of 
over 1300 eggs In Table 20 are given the records of «ome expenmenr- 
atation birds, together with the approximate ace of the bird at the tune 
the record was made, the data having been supplied by ifartin (1040) 
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Moreover, in crosses involving the sex-Iinked genes for silver and 
barring, Punnett (1930) secured results that led him to conclude that 
egg production is not sex-lmked in its inheritance Punnett mated an 
Indian Game male from a strain shonmg low fecundity to a MTiite 
Wyandotte female that laid 240 eggs m her first laying year and came 
from a strain showing high fecundity The Fi males were all silver- 
barred, mdicating that the White Wyandotte female earned both sih er 
and bamng 

An Fi male was mated to Silkie females showmg low fecundity The 
results secured indicate the absence of sex linkage m the inheritance of 
egg production The mean egg production per bird of the 21 barred 
females uas 123 7 eggs, for the 18 nonbarred females, it was 118 1 eggs, 
for the 28 silver females, it was 113 0 eggs, for the 11 gold females, it 
uas 142 1 eggs The number of birds m each of the four groups is 
rather small, but the results, taken together n ith other results secured 
by Punnett, do not seem to support the theory of the inheritance of egg 
production on a sex-lmked basis 

A Light Sussex female that laid 200 eggs m her first year of laying 
was mated with the same Indian Game male that Punnett mated with 
the IITiite Wyandotte female mentioned previously The Light Sussex 
carries the sex-linked gene for silver, the female, of course, being hemi- 
zygous The Fi males carry silver, and one of them w as mated to Silkie 
females The results obtained show that the gold females laid some- 
what better than the siKer females, exactly opposite to expectation 
on the assumption of sex linkage for egg production 

The breeding of Rhode Island Reds for high egg production at the 
Massachusetts Agricultural Experiment Station oxer a period of jears 
enabled Goodale and MacMullcn (1919) and Goodale and Sanborn 
(1922) to dexelop the conception that the first-} car egg production of a 
bird IS determined b} the following fixe diflcrent factors 

1 Age in da}S that la} mg commences or sexual matunt} 

2 Rate of la} mg or mtensit} of prorhiction 

3 The amount of broodmess 

4 Pauses m production, cspccmll} xx inter pause 

5 Pcrsistencx of production 

The results of further breiding work with the s imc flock of Rhode 
Island Reds w is roiiortcd upon I)} Ilaxsaiid lienlietl (1923) and ffaxs 
and Sanborn (1927h) 

These earlx reports stimul ilcd interest among others pirticilhrlx 
with respect to nix estigat ions concenimg the relatixc influence of tin 
fixe factors in determining egg production 
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F actors Determining Egg Production 
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Byerly and Knox (1946) compared the average age at commencement 
of laying among groups of Rhode Island Red and MTiite Leghorn pullets 
hatched mostly between March 17 and May 12 during the years 1936- 
1945. During each year through 1944, artificial light was provided 



Fig 80. Age at first egg in relation to date of Intcli The upper coliti line and dots 
and the loiier solid line and circles pertain to the 1937-lOtl and the 1915 lihotlo 
I''land Itcd pullets, respcctiv el> . Tlic upper dash line and ilots and the Ion cr <1 i*h 
line and circles pertain to the 193&-I9I4 and 1915 Wlnte Leghorn pullet ■», re'-pcctnel} 
(Bycriy and Knox, I&IG ) 

from 5 A.M. to 8 a.m. from October lo to about May 1 ; in 1915 artifici.*!! 
liglit Ava.s provided from 5 \ m. to 8 \ m from Dcccmlior 1 to May 1 
^forninp artificial lights liastenetl ‘^\ual maturity ‘■ornouliat I'lit* 
1937-1911 Uliode Island Hcd pullets that were liatchc<I <lunng the ueok 
of April 11 or later A\crc at least 3 weeks older at commerieement of 
laying than pullets hatched during the week of Marcli 21 (-co Tig S9) 
The 1915 Rhode Island Re<l pullets grew rapidly and commenreil 1 1 \ me 
ri’latively earlier than I937-I91I pullets of cornpirahle hitrhe>. the 
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Byerly and Knox (1946) compared the average age at commencement 
of laying among groups of Rhode Island Red and White Leghorn pullets 
hatched mostly between March 17 and May 12 during the years 1936- 
1945 During each year through 1944, artificial light was provided 
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hiMng than pullets hatched during the week of March 21 (‘•ec Fig SO) 
The ion Rho<le Inland Red pullets grew rapidl} and commcnecil laMng 
relati\el> earlier than 1937-1911 pullets of compirihlo Iiatche^ the 
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For the most part, in a given strain of birds, those -vvhich commence 
laying the latest are the largest at that time, as Lemer (1946) has shown 
By selecting WTiite Leghorns for breeding purposes for longer shanks, 
both age at first egg and body weight at that time were increased On 
the other hand, Hays and Sanborn (1939), o\er a period of several 
>ears, maintained age at first egg in Rhode Island Reds at a relatively 
constant level while at the same time increasing body size at first egg, 
thus demonstrating that age at sexual maturity is inherited independ- 
ently of body size 

Inheritance of Sexual Maturity There seems little doubt that age at 
sexual matunty is inherited Goodale and Sanborn (1922), with Rhode 
Island Reds, succeeded m reducing age at sexual matunty from 256 
days m 1913 to 194 days in 1918 Hays (1924) was the first to suggest 
that sex-linked, as well as autosomal, genes are involved in the inherit- 
ance of age at first egg The sex-hnked inheritance of age at sexual 
maturity was confirmed by Warren (1930, 1934) in crosses between 
"UTute Leghorns and Rhode Island Reds On the other hand, results 
secured by Hazel and Lamoreux (1947) and Lemer and Cruden (1951) 
failed to indicate sex-hnked inhentance of sexual maturity 

Inbreeding in Rhode Island Reds was found by Hays (1934) to retard 
sexual matunty, although Waters and Lambert (1936) observed that 
rather intensive inbreeding in a late-matunng strain of White Leghorns 
did not retard sexual matunty Maw (1942) reported that the mbred 
strains with which he worked had a mean age at first egg of 216 days 
as compared with 195 days for nonmbreds, a difference of 21 dajs 
Among fifteen mbred lines of White Leghorns, Waters (1945) secured 
results which indicated that among eleven of the lines inbreeding caused 
practically no change in age at sexual maturity whereas in the other 
four lines age at sexual maturity increased during the last two genera- 
tions reported upon 

Hentahihty of Sexual Maturity The relatively low levels of hentabil- 
ity (see Chapter 12) of age at sexual maturity reported by Lerner 
and Taylor (1943), Lemer (1945), Hazel and Lamoreux (1947), Shoffner 
and Sloan (1948), and Lemer and Cruden (1951) indicate that progeny 
testing would be necessary to improve this character matenally in any 
strain 

In selecting future breeding stock on a family basis, Lemer and 
Taylor (1940c) suggested that determining the rating of various families 
on the basis of the median rather than the mean age at first egg was the 
more expedient of the two methods, the median being the midpoint in 
the frequencj distribution of the full sisters with respect to age at first 
CEE The advantage of the median over the mean lies in the fact that 
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duction was nearly constant throughout the year They found that 
the selection of breeding stock on the basis of records of egg production 
from commencement of laying to December 31 of their first laying year 
uould produce about tno-thirds of the amount of genetic gam per 
generation as compared \\nth the selection of breeders on the basis of 
total first-year egg production 

Broodiness. There are breed differences with respect to the amount 
of broodmess among laying flocks White Leghorns usually exhibit 
much less broodmess than most general-purpose breeds nhereas Cornish 
usually exhibit much more broodmess than general-purpose breeds 
Also, ^\ithm a given breed or vanety there are strain differences m the 
amount of broodmess exhibited by the laying stock, depending upon 
the extent to vhich selection and breeding have been earned on to 
reduce broodmess It is quite obvious, therefore, that broodmess is 
mhented, as Goodale, Sanborn, and White (1920) onginally suggested 
Broodmess Usually Reduces Egg Production It is natural to assume 
that broodmess Tvould result in lowered egg production, especially m 
those flocks in which little or no selection had been earned on to reduce 
the amount of broodmess During the years from 1923 to 1931 inclusive, 
Hays (1933) developed by selection and breeding a relatively nonbroody 
and a relatively broody line, respectively, of Rhode Island Reds, each 
year there being some nonbroody and broody birds m each line Tor 
each Ime the average egg production per bird each year was as follows 

ms 1924 1925 me mr wss me mo mi 

Nonbroody line 222 186 201 210 215 208 192 224 222 

Broody line 174 163 183 165 188 182 184 181 180 

Difference 48 23 18 45 27 26 8 43 42 

When all birds were considered, the nonbroody line averaged 210 
eggs as compared with the broody line average egg production of 179 
eggs, a difference of 31 eggs per bird 
Knox, Jull, and Quinn (1935), in a flock of Rhode Island Reds in 
which broodmess was not considered in the selection and breeding pro- 
gram, observed that broody birds started to lay later in life, laid at a 
relatively slower rate, and were less persistent m production than non- 
broody birds On the other hand, Hays (1944a), in the same strain of 
Rhode Island Reds reported upon previously but in which broodmess 
was considered m the selection and breeding program, reported an 
average egg production of 269 eggs for broodj birds as compared with 
an a\crage of 272 eggs for nonbroodj birds Likewise, Lanson (1948), 
m another strain of Rhode Island Reds reported an a\crage egg pro- 
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Bu^ro^\s and Byerly (193G) and Byerly and Burro'\\s (1936) con- 
cluded that the anterior pituitary in broody hens secretes more pro- 
lactin than the anterior pituitary of layers in continuous production 
(see Chapter 2 for a discussion of hormone secretions in the fow]) 
Byerly and Burro^^s also showed that the antenor pituitary of males 
secretes about the same amount of prolactin as the anterior pituitary 
of genetically nonbroody females 

Nalbandov and Card (1945) demonstrated that Cornish, White 
Leghorn, and IVhite Plymouth Rock males ^\ere induced to brood 
chicks but not incubate eggs by appropnate injection of prolactin 
Nalbandov, Hochhauser, and Dugas (1945) concluded that prolactin 
inhibits the production of the folhcle-stimulatmg gonadotropic hormone 
of the antenor pituitary Normal, sexually mature males injected uith 
prolactin had testes that vere considerably reduced in size, this having 
been brought about by the shutting off of the gonad-stimulating 
hormone 

The possibility of interrupting broodiness by injecting synthetic 
drugs having the effects of female sex hormones was demonstrated by 
Godfrey and Jaap (1950) When 15 mg of diethylstilbestrol in 1 ml 
of sesame oil vas injected subcutaneously into broody birds on the site 
of the aptena (the area between the feather tracts) along the breast, 
broodiness was terminated in over 75 per cent of the broody birds that 
V ere treated The injection of 30 mg of diethylstilbestrol in 2 ml of 
sesame oil proved to be almost completely effective in general-purpose 
breeds However, three injections of 30 mg of diethylstilbestrol over 
a 12 day period failed to terminate broodiness in a Dark Cornish 
female 

Genetics of Broodiness Punnett and Bailey (1920) concluded that 
broodiness is apparently due to more than one independent autosomal 
gene Warren (1930) made reciprocal matings between White Leghorns 
and Rhode Island Reds and observed a considerable difference in the 
amount of broodiness between the daughters of the t'wo matings 
Roberts and Card (1933) made reciprocal matings between White 
Leghorns and Dark Cornish and reported that 37 per cent of the daugh- 
ters of the White Leghorn sire X Dark Cornish dams vere broody an 
average of 2 1 times -whereas 88 per cent of the daughters of the Dark 
Cornish sire X White Leghorn dams were broody an average of 3 7 
times These results indicate that at least one sex-hnked gene is in- 
volved in the inheritance of broodiness The results secured by Kauf- 
man (1948) from reciprocal matmgs between White Leghorns and 
Polish Greenlogs led her to conclude that a sc\-!mked gene and at least 
one autosomal gene are involved in broodiness 
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Persistency of Production. From a biological standpoint, the first 
iajing year includes the period from commencement of laying to the 
cessation of egg production preceding the onset of the first complete 
molt. In almost any flock there are a few exceptions to cessation of 
egg production preceding the first complete molt, since it is well known 
that a few of the best layers continue laying while molting. It is obvious, 
of course, that the earlier that molting begins in relation to commence- 
ment of laying, the shorter the period of production. For most poultry 
breeders the first lajfing year is 365 days from commencement of laying, 
the onset of molting occurring in a portion of the flock before the termi- 
nation of the first laying year. 

Marble (1930) showed that, among the poorest layers in a flock, little 
if any molting occurred before complete cessation of laying whereas, 
among the best layrers in a flock, molting sometimes began before cessa- 
tion of laying. Hay’s and Sanborn (1930), using the 365-day laying 
year, showed that the longer the duration of the molting period, the 
lower the first-year egg production tended to be for Rhode Island Reds 
Hendricks (1933) obsen’ed that, among White Leghorns which had 
begun their first-year molt relatively early, the duration of molt was 
longer than among late molters Knox, Jull, and Quinn (1935) con- 
sidered the number of eggs laid in August and September at the end of 
the first laying year as a criterion of relative persistency. Hay^ (19366) 
suggested that the dividing point between high persistency and low 
persistency- phenotypes was about 270 day’s from commencement of 
laying in Rhode Island Reds hatched at approximately the same time 
Lemer and Taylor (19376) observed that date of last egg served as a 
slightly better index of persistency than age at last egg in their White 
Leghorn a but suggested that age could be used if corrected for hatching 
date. 

It was once believed by- some investigators that age at last egg or 
date of last egg prior to the first complete molt was the most important 
factor determining first-year egg production. It is now realized, how- 
ever, that in order to turn in a superior first-year record a bird mu=t 
commence laying relatively- early in life, lay at a good rate, and persist 
in production for approximately 10 months. \ ery probably' the genes 
determining the total number of eggs laid during the first laynng year 
are the same genes, for the most part, that determine age at sexual 
maturity-, rate of lay-ing, and persistency of production. This conclu^ioa 
would seem to be borne out by the previously reported obsen.'ation of 
Lemer and Cruden (194S) that in their White Leghorns the hentability 
of accumulative egg production was nearly- constant throughout the 
year. 
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Lemer and Cruden (194S) that in their White Leghorns the hentability 
of accumulative egg production was nearly- constant throughout the 
year. 
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lajing year The inherent difficultj in attempting to appraise the fi\e 
factors ^\lth respect to their relati\e importance is due to the rather 
arbitrary basis on ^\hlch some of the factors ^\ere established 

INBREEDING AND CROSSBREEDING 

Programs of inbreeding for the purpose of developing superior laying 
strains are the outgro\\ th chiefly of the results secured in the production 
of hybnd com through inbreeding Another factor is the difficulty that 
numerous poultry breeders have experienced in still further increasing 
the level of egg production over that attained by the progeny-testing 
methods of selection and breeding carried on for several years without 
inbreeding 

The results secured from the early investigations on inbreeding for 
increased egg production (Dunn 1923, Hays 1929, 1934, Dunkerly 1930, 
and Jull 1933) were consistent in showing that inbreeding lowered egg 
production The results of other inbreeding experiments, reported m 
previous chapters, have shown that hatchabihty of eggs and viability 
of chicks were affected so seriously that m numerous cases entire families 
were lost The net result of the early work on inbreeding was to demon- 
strate the importance of starting with carefully selected strains of 
superior breeding quality 

The first purpose of inbreeding is to develop strains of birds rela- 
tively homozygous for genes determining high egg production Close 
inbreeding frequently reveals the presence of undesirable genes m the 
parental stock That is why rigid selection of the inbred progeny each 
succeeding generation is imperative in order that variability may be 
reduced 

The second purpose of inbreeding is to develop inbred lines of a breed 
or variety for the purpose of crossing them with inbred lines of another 
breed or variety (see discussion of crossbreeding, which follows) An 
inbred line is recognized as such when its progeny has a coefficient of 
inbreeding in excess of 50 per cent (see Chapter 12 for a discussion of 
coefficients of inbreeding) Full-brother X fulI-sister matings for 
3 successive years produce progeny that is 50 per cent inbred There- 
fore, some additional inbreeding is necessary for the progeny to be able 
to qualify as an inbred line 

Warren (1950) stated that in developing inbred lines it seems desir- 
able to accelerate the inbreeding program by developing a large number 
of inbred lines at the start, eliminating many of the lines after one 
generation of inbreeding, and then repeating this procedure for 2 or 3 
years with a view toward secunng a reasonable number of promising 
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progenies produced by crossing different inbred lines of \Vhite Leghorns 
The data of Knox (1950), given m Table 22 are first-year egg produc- 
tion records for 1946-1947 and 1947-1948, respectively, of the progenies 
secured from outbreeding, crossbreeding and crossing inbred lines 
(hybndization) An outbreak of Newcastle disease during the 1947- 
1948 laying year resulted in lowenng egg production somewhat as com- 
pared with the 1946-1947 laying year 
In Table 22 it is shown that the progen 3 of the mating (2) of outbred 

TABLE 22 

Atoragb First Year Egg Production of Progevy in Relation to Kinds of 
Matings 

(Knox 1950) 

Average First-Year 
Egg Production 
of Progeny 

Mating Kind of Mating 1946-1947 1947 1948 


1 

Outbred R I Red cT X outbred R I Red 9 9 

219 

199 

2 

Outbred R I Red cT <?’ X outbred Leghorn 9 9 

229 

208 

3 

Inbred R I Red o’ cT X inbred \\ Leghorn 9 9 

239 

230 

4 

Outbred M Leghorn outbred R I Red 9 9 

250 

240 

5 

Inbred M Leghorn c? o’ X inbred R I Red 9 9 

255 

240 

6 

Outbred W Leghorn o' o' X outbred W Leghorn 9 9 

221 

182 


Rhode Island Red males and outbred White Leghorn females laid 
slightly better both years than the outbred Rhode Island Red (1) and 
outbred White Leghorn progenies (6) In other words, crossbreeding 
was beneficial 

In Table 22 it is also shown that the progeny of the mating (3) of 
inbred Rhode Island Red males and inbred White Leghorn females laid 
better both years than the progeny of the mating (2) of outbred Rhode 
Island Red males and outbred White Leghorn females On the other 
hand, the progeny of outbred White Leghorn males and outbred Rhode 
Island Red females (4) laid better both years than the progenies of anj 
of the previously mentioned matings Finally, the progeny of the 
mating of mbred White Leghorn males and inbred Rhode Island Red 
females (5) laid practically the same number of eggs as the progenj of 
the mating (4) of outbred White Leghorn males and outbred Rhode 
Island Red females Crossing inbred lines of tw o different breeds j lelds 
bjbnd progeny, according to modem terminology 

The progeny of White Leghorns crossed «ith general purpose breeds 
or vaneties lay tinted eggs, a factor of some importance to those selling 
Oggs on a market that offers a preference for eggs nith iihitc shells 
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Rhode Island Red males and outbred White Leghorn females laid 
slightly better both years than the outbred Rhode Island Red (1) and 
outbred White Leghorn progenies (6) In other words, crossbreeding 
was beneficial 

In Table 22 it is also shown that the progeny of the mating (3) of 
mbred Rhode Island Red males and inbred White Leghorn females laid 
better both years than the progeny of the mating (2) of outbred Rhode 
Island Red males and outbred White Leghorn females On the other 
hand, the progeny of outbred White Leghorn males and outbred Rhode 
Island Red females (4) laid better both years than the progenies of anj 
of the previously mentioned matings Finally, the progeny of the 
mating of inbred White Leghorn males and inbred Rhode Island Red 
females (5) laid practically the same number of eggs as the progenj of 
the mating (4) of outbred White Leghorn males and outbred Rhode 
Island Red females Crossing inbred lines of tw o different breeds > lelds 
hjbnd progeny, according to modem terminologj 

The progeny of White Leghorns crossed with general purpose breeds 
or vaneties lay tinted eggs, a factor of some importance to tho^c jelling 
oggs on a market that offers a preference for eggs with white shells 
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other strains of Light Sussex and Rhode Island Reds quite different 
results might be secured 

Data presented by Brunson and Godfrey (1951) indicate that cross- 
breedmg does not always result in increased egg production For 
instance, the three-w ay cross pullet progeny secured from mating AlTiite 
Leghorn males to the Fi black pullets from matings of Rhode Island 
Red cT cf X Barred Pljunouth Rock 9 9 did not lay as w ell as White 
Leghorn^ pullets of the parental strain nor as well as Fj black pullets 
The Fi black pullets, however, laid better than pullets of the Rhode 
Island Red and Barred Plymouth Rock parental strains 

Among strain and breed crosses involving eight strains representing 
Australorps, Barred Plymouth Rocks, New Hampshires, and Rhode 
Island Reds, Ghostlej and Nordskog (1951) secured about 9 per cent 
better egg production from the crossbred and strain-cross progenies 
than from the purebred progenies, some of this increase in egg produc- 
tion being due to earlier sexual maturity of the crossbred and strain- 
cross progenies Hutt and Cole (1951) secured better egg production 
from the progeny secured from crossing two strains of ViTiite Leghorns 
than from the progeny of each strain, some of the increase m egg pro- 
duction being due to earlier sexual matunty of the strain-cross progeny 
Kmg (1951) crossed different parental strains of Barred Plymouth 
Rooks and Rhode Island Reds reciprocally and compared the egg pro- 
duction of their progenies with purebred progenies The progeny 
secured from matings of Barred Plymouth Rock males and Rhode 
Island Red females laid an average of 21 more eggs per year during four 
years than the highest of the other matings It was suggested that 
this increase in egg production may have been due to sex-linkage 

SUMMARY — developing OUTSTANDING 
LAYING STRAINS 

The previous discussion in this chapter has dealt with the major 
problems involved in the transmission of laying ability and problems 
related thereto Numerous poultry breeders ha\e found that, by fol- 
lowing certain procedures in the selection of breeding stock each year, 

It IS possible to develop strains averaging well o^or 200 eggs on a hen- 
housed basis and over 240 eggs for birds that complete the first laying 
year These same breeders have naturally found, however, that, as 
the level of egg production is increased, further progress becomes in- 
creasingly difficult Therefore, they seek further refinements m breed- 
ing procedures and selection methods with a view toward developing 
outstanding lajing strains 
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Some Aspects of Progeny Testing 


suggested that the average complete first year egg production of six 
full sister daughters serves as a reliable index of the dam s ability to 
transmit high egg production Females for future breeding purposes 
should be selected first from among the progeny of each sire that proved 
to be supenor m transmitting high egg production and second from 
among the full-sister progeny of each superior dam 
The ability to identify sires of outstanding breeding worth is rela- 
tively more important than the ability to identify dams of outstanding 
breeding worth This is because each sire has several times as many 
daughters as has each dam to which he is mated Apparently, t e 
average complete first-year egg production of from 30 to 40 daughters 
of a sire serres a reliable index of the sire’s ability to transmit high egg 
production Males for future breeding purposes should be selected on 


the same basis as females , , 

Increasing the Number of Males Progeny Tested Since i is impo 
to be able to identify as many superior males as 

>1 the middle of the breeding season is recommended this maKes 
possible the testing of tw ice as many males The first ma e in 
■ng pen is removed 5 days before the second male is p ace 
Dunng these 5 days all chicks secured from 

to the first sire Beginning 5 days after the second ma e i j 

pen, all chicks secured from the pen may be credited to ^ 

Thus only 5 days are lost, when the male parentage o j d 

questionable if the femies m the pen are 

the semen of the second male on the sixth and ^from he pen 

first male was removed from the pen all nh.oks secured from the P 
hegmnmg with the eighth day after the removal of the first male 
he credited to the second sire Thus only 2 days iJenti- 

Progeny Testing Pullet Breeders The progeny breeding stock 

ying superior sires and dams and of selec mg hjing per- 

rom the supenor families, as indicated bj the f.m jenr Iny gj 
formance of families of full sistem (dn™ ^P™*;“'Xion in breeding 
nlf sisters (sire’s progeny), means a dclaj o “"n proicd bj progenj 

procedure Of course, sires’and dams that har e been pro«_^ 

noting to be supenor m transmitting higi . j howe'er ire 

the next year and perhaps longer Thoir^Xi.ned as Mich 
“hout 18 months old before the n«P'=r><>r/“rn’''f "^^^c 
^lany poultrj breeders ^^ouId probably mn p„jiei iirtHHlors in 
'elopmg outst'indmg hjmg strains b3 tj,c foHoumg 

'^cember of the year in which thcr were hatch Cnideii 

Januaty The pullets w oiild be less than 1 ' ear o ecncmtion "hen 

obsoned that “the amount of genetic gam per g 
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Selected Literature References sis 

3 In carrying on a breeding program to develop a high laying strain, what are 
the more important environmental factora affecting egg production that should be 
kept as uniform as possible from year to year^ 

4 Discuss the problem of cullmg pullets from the standpoint of having a suffi- 
cient number of birds per family at the end of the laying year and also from the 
standpoint of secunng a reasonably reliable index of first-year egg production per 
family 

5 To what extent maj mortality during the first laying jear give a wrong im- 
pression of the breeding \\orth of a sire and dam as judged by the average egg pro- 
duction of the survivors among their progeny^ 

6 Tell what programs of trapnesting can be earned on to enable the poultry 
breeder to arrive at a reliable estimate of first-year egg production per bird and per 
family of full sisters and half-sisters 

7 What IS the relationship between annual egg production and age of layers? 

8 Wbat IS the relative importance of the five different factors determining first- 
year egg production^* 

9 (a) Hoi\ may date of hatch affect sexual matunty? 

(6) Approximately ^hat body weight should Leghorn and general purpose pullets 
attain at commencement of laying^ 

(c) What is the advantage of determining the mcdion age at first egg rather than 
the mean age at first egg*^ 

(d) Discuss the relative significance of broodiness m relation to maintaining high 
egg production from year to year 

10 (a) Discuss the pnncipal features involved in producing hjbnd pullets 

(6) Outline the essential features of a sound progeny testing program designed to 
develop a superior laying strain 
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II • Egg Characters 

Several egg characters are of economic importance to egg producers, 
distributors, and consumers These various characters determine egg 
quality, ^hich is the condition of shell and contents of eggs vhich 
affects consumer appeal Since the characters determining quality 
have a hereditary basis, poultry breeders are concerned in doing uhat- 
ever is possible to produce eggs of superior quality 


EGG SIZE 

The standard market size in eggs is 24 ounces per dozen or 2 ounces 
per egg, vhich is equivalent to 56 7 grams Egg cases, uith their flats 
and fillers, are constructed to accommodate eggs of standard size, each 
egg fitting into its compartment in such a manner tliat breakage is kept 
at a minimum when eggs are shipped to market ^^^len extra large 
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eggs or tliose rritli thin shells arc packed in cases, cnccs-shc hrcakiigi 
often results 

Practically all flocks produce eggs sho\\ing considerable \arntion in 
^izc, perhaps as much as rcprc'^cntcd m Tig ^1, uhich gi\cs the size or 

each of si\ different grades of eggs i t i 

Kgg size and egg n eight arc sjnonjmoiis terms so fir as nciih I ml 
eggs are eoncemed Tlio larger the size, the lie ii ler the egg On the 
other hand, among stale eggs a large egg maa l«- mtieli lighter in «e g 
than a smaller one hceatise of the loss through the porous shell of much 
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eggs or those ^Mth thin shells arc packed in cases, exces-sue hreakagf 
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Egg Weight hy Breeds and Vanelies 

causes them to lay smaller eggs, according to Buckner (1927) A de- 
ficiency of vitamin D results m decreased egg weight, according to 
Parkhurst (1933) These are but a few of the illustrations that might 
be cited to show how the kind of diet fed to layers may ad\ ersely affect 
egg weight 

Jeffrey (1941a) pointed out that the approximate date that pullets 
are hatched may affect their first-year mean egg weight He showed 
that pullets hatched in November and Januarv produced more small 
and very small eggs than pullets hatched in Apnl June and September 
One of the contributing factors tending to reduce egg size according to 
the hatching date of the pullets was the atmospheric temperature pre 
vailing dunng the penod when the pullets commenced lajmg and for a 
period thereafter 

The fact that high summer temperatures tend to reduce the size of 
eggs laid has been pointed out b> Bennion and Warren (1933a) War 
ren (1939), and Yeates, Lee, and Hines (1941) It has been pointed 
out by Warren (1948) and Warren, Conrad Schumacher and A\erj 
(1950), however, that in the more northern latitudes the size of egg laid 
increases rather steadily throughout the first lajmg jear if summer 
temperatures are not sufficiently high to bring about a decrease in size 
Hajs (1948) reported that, over a 6-year penod summer temperatures 
as high as 85° F failed to reduce egg size perceptibly m Rhode Island 
Reds 

Wilson (1948) demonstrated that the bodj temperature of Mhite 
Leghorns rose sharply as the environmental temperature was increased 
from 90° F to 105° F and feed consumption decreased noticeablj when 
the environmental temperature was above 100° F Wilson (1919) 
found that, when the environmental temperature was 100° F , feed 
consumption was onlj 42 per cent as much as when the environmental 
temperature was 70° F It «ecms logical to suggest, therefore, that 
when hot summer weather is of sufficient duration, feed consumption is 
decreased sufficientlj to bnng about a decrease in bodj weight and a 
decrease in egg size 

Fgg Y eight bv Breeds and Varieties Although the consensus is 
that, within a given flock, large birds tend to lav larger eggs than sm ill 
birds. It docs not follow that Jenej Black Giant pullets lav eggs tiviee 
a-s large as those laid b> mute I cghom pullets although the st mil m 
bodv weights are 8 pounds and 4 pounds, respectivelv Funk and 
Ivempster (1931) and Hall (1939) have shown that ditrerenees ,n mem 
annual egg weight among strains of the same breed or v irietv im l'™'- 
limes greater than diffcrenees in mean inniial igg weight among ililli r 
hrmls nnd \^^ctle'' 
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be cited to show how the kind of diet fed to layers may ad\ ersely affect 
egg weight 

Jeffrey (1941a) pointed out that the approximate date that pullets 
are hatched may affect their first-year mean egg weight He showed 
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annual egg weight among strains of the ‘•amc hretsl or V 
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monthly mean egg weight m both groups v,as attained m Februarj 
The mean annual egg weight for the birds that commenced laying in 
December was greater than the mean annual egg weight for the birds 
that commenced laying in September Henderson (1938) showed that 
from October through Februaiy there was a progressive monthly in- 
crease m egg weight and body weight for eight pens of White Leghorns 
The increase in mean egg weight per month from October through 
February and March, respectively, for Rhode Island Reds m 1930 and 



Months 


Fio 93 Mean monthly egg n eight m grams per egg and ounces per dorcn for Rhorlc 
Island Red pullets in 1930 and 1913 respectivelj (Hays I9J4 ) 


1943 is shown graphically in Fig 93 (Hajs 1944) In both years, mean 
monthly egg weight increased at about the same rate but eontinucd for 
one month longer m 1943 than m 1930 Note particiilnrly the eflcets 
of selection for increased egg size during a pcnod of 13 y cars ns e\ idenccd 
by the 1943 mean monthly egg weights as compared w ith the 1930 mean 
monthly egg weights Also note that after mean monthb egg weiglil 
reached its maaimum in Febninry and March, rcspcctn cly . there was a 
Progressne decrease in mean monthly egg weight for 2 months 
Maw and Maw (1932), from oh'enations on egg weights in a flock 
of M lute I cghoms, concluded that those birds w hose first ten eggs n\ er 
nge less than 47 5 grams, about 1 07 ounces arc not apt to las eggs 
throughout the year that ascrage 21 ounces per dozen In M lute I-cg 
horns, Rhotlc Island Reds and Barred Pb mouth Rocks B ilson and 
"arren (1931) concluded that the first fen eggs lull should nttam at 
■cast the following spccincd weights depending upon the month when 
■•"ing commeiiecd Octolier or earlier, 10 gnim« or 19 I ounci-s I» r 
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least the following spccifiofl weights depenrlmg upon tlic month when 
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The data in Table 25 show that the White Pl3Tnouth Rocks "^hich 
commenced laying at 225 days or earlier laid relatively smaller eggs, 
both for the first 10 eggs and for the year's production, than later-matur- 
ing birds Also, the maximum monthly egg weight of the group of 
earlier-matunng birds was lower than that of the later-matunng 
birds 

The possibility of developing strains of pullets that will lay eggs of 
standard or maximum monthly weight as early as December, is sho^vn 
in Table 26 

Olsen and Knox secured the results given in Table 26 by selecting 
breeding stock each year on the basis of the relative earhness that eggs 
attained standard egg w eight or better 

Egg Weight and Bodj Weight at Sexual Maturity. Hays (1933), 
in Rhode Island Reds, and Funk (1935), in White Plymouth Rocks, 
observed significant positive correlations between egg weight and body 
weight at commencement of laying In Barred Plymouth Rocks and 
White Leghorns, Callenbach (1934) observed a significant positive cor- 
relation between weight of first egg and body weight at commencement 
of laying These three observations mean that the later in life that 
laying commences the larger is the body size and the larger is the egg 
produced at that time 

The relationship between the weight of eggs for different periods and 
body weight at sexual maturity in White Plymouth Rocks is given in 
Table 27 

TABLE 27 


Average Weight of Eggs, in Grams per Egg and Ounces per Dozen, for 
Different Periods in Relation to Boot Weight, in Pounds, at Sexual 
Maturity, in White Plymouth Rocks 


(Funk and Kempster 1934) 


Body 

Average Weight 

Average Egg 

Weight at 

First Ten Eggs 

Weight Jot Year 

Sexual 

Grams 

Ounces 

Grams 

Ounces 

Maturity 

per 

per 

per 

per 

in Pounds 

egg 

dozen 

egg 

dozen 

3 0-4 5 

47 8 

20 3 

54 9 

23 3 

4 G-5 5 

52 4 

22 2 

55 2 

23 4 

5 6-6 5 

54 8 

23 2 

56 6 

24 0 

0 6-7 5 

58 3 

24 7 

59 9 

25 3 


MaTimum Monthly 
Egg U eight 


Grams 

Ounces 

per 

per 

egg 

dozen 

56 8 

24 0 

57 5 

24 4 

58 4 

24 7 

61 2 

25 9 


The data in Table 27 sho« that the smaller the "f ‘'j' 
commencement of lading, the smaller were the eggs u a 
and throughout the jcar In addition, the maximum monthl, egg 
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Breeding for Good Egg Weight 


Hays stated that the eggs of pullets laying very large clutches dunng 
the first laying year are less vanable m weight than eggs of pullets lay- 
ing small clutches 

These findings are m conformity with the observations of Atwood 
(1927) and Funk and Kempster (1934) to the effect that eggs laid dur- 
ing the early mOming hours are usually larger than those laid about 
noon or after, since many of the early morning eggs are first eggs in a 
clutch 

Selecting Breeding Stock on Basis of Egg Weight. The practice 
of weighing all eggs laid by each bird dunng the first laying year, ear- 
ned on by some poultry breeders several years ago, involves much 
labor That this is unnecessary was shown by Jull (1930), Dudley 
(1931), Maw and Maw (1932), A B Godfrey (1933), Hays (1937), 
Jeffrey (1938), and Schnetzler (1946), all of whom showed that a reliable 
estimate of the mean first-year egg weight could be obtained by weigh- 
Gggs at periodic intervals or for a few days in succession for short 
intervals of time 

The qualifying average egg weight for pullets entered in the ROP 
phase of the National Poultry Improvement Plan is 24 ounces At least 
8 eggs are weighed, weighings being made either dunng 4 consecutive 
days each month or on the same day each week for any 4 consecutive 
months between January 1 and July 1 Poultry breeders trapnesting 
their pullets 3 days a week weigh the eg^ on 3 consecutive days each 
month for 5 consecutive months or on the same day each week for any 
4 consecutive months between January 1 and July 1 

Breeding for Good Egg Weight. Inbreeding apparently has little 
effect on egg weight, according to the observations of Waters and Lam- 
bert (1936), Waters (19456), Shoffner (1948), and Hays and Talmadge 
(1949) Shoffner also observed that inbreeding had little effect on body 


size 

Ghigi (1948) made reciprocal matings between representatives of 
Oallus sonnerah and White Leghorns and secured results indicating sex 
linkage in the inheritance of egg noight The average weight of the 
Gallus sonnerah eggs was 30 grams and that of the White Leghorn eggs 
55 grams The progeny secured from the mating of White Leghorn 
o’ X Gallus sonnerah 9 laid eggs averaging 56 7 grams, uhereas the 

progeny secured from the mating of Goffns sonnerah c? X ‘ Jj ® 

horn 9 laid eggs averaging 32 6 grams Waters and Weldin (1929) and 
Hays (1941). reported, however, a lack of sex linkage in the iihentan 
of egg ireight Olsen and Knox (1940) concluded that sire “nd da™ 
contnbute equally to the inhentancc of egg v eight ttaters { , 

1945a), from mvLtigations rvith inbmd White Leghorns, «as led to 
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Egg Shape 

From the data given m Table 28, it is to be noted that the increase in 
total \\ eight of eggs produced per bird from 1923 through 1946 amounted 
to over 75 per cent, a remarkable achievement 


EGG SHAPE 

The production of eggs of good shape is important from the marketing 
standpoint Standard egg cases, flats, and fillers accommodate eggs not 
over 21^2 inches long and 1^%2 inches wide, a ratio of 1 to 0 74 Ex- 
cessively long eggs are liable to be crushed, and excessively ivide ones 
are difficult to fit into the fillers properly 

From studies on the relationship between egg weight and egg shape 
by Pearl (1909), Curtis (1914), Pearl and Curtis (1914), and more partic- 
ularly Pearl and Surface (1914), it has been shoivn that egg weight is 
more highly correlated with egg breadth than with egg length This 
observation has been confirmed by Asmundson (1931), who also found 
that albumen weight and shell weight are each more highly correlated 
with egg breadth than with egg length 

For the most part, all eggs laid by each bird are of a charactenstic 
shape In other words, egg shape is a hereditary character The prob- 
lem of the vanation in the shape of eggs was investigated extensively 
by Asmundson (1931), who concluded that there are three factors that 
determine the general shape of an egg first, the amount of albumen 
secreted in the albumen-secreting portion of the oviduct, second, the 
size of the lumen of the isthmus and the albumen-secreting portion of 
the oviduct, third, the muscular activity of the walls of the isthmus 
and the albumen-secreting portion of the oviduct It was further con- 
cluded that the general shape may be more or less altered m the uterus, 
which, together with the isthmus, gives each egg its particular shape 
According to Asmundson and Jervis (1933), the shape of the egg is de- 
termined tor the most part while it is m the isthmus, 
ing little effect, although Asmundson and Burmester (193 ) o “r 
that resecting part of the uterus induced changes in egg shape a p 
and Marble (1945a, 19455) concluded that the albumen secro e } 
oviduct does not mfiuence egg shape and that the shape o “ ® 
determined by the time it has passed through the narrowest section of 

^ nre’^rape IS measured by determining shape 

vidth IS divided by the greatest length, and the produc is m It plied 
b> 100 Baten and Hendemon (1941) obsened thatjn their stram^of 
Barred Plymouth Rocks the egg-shape index was < 
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Breaking Strength and Shell Thickness 

Obviously several genes are involved Hall (1944) crossed White Leg- 
horns and Rhode Island Reds and secured similar results, although there 
'vas some evidence of sex linkage Blow, Bostian, and Glazener (1950) 
studied the inhentance of intensity of shell pigmentation in Barred 
Plymouth Rocks and Rhode Island Reds and found no evidence of se\ 
linkage Genes for darkest-colored shells exhibited dominance over 
genes for lightest-colored shells From the standpoint of reliability in 
candling market eggs, poultry breeders apparently should be interested 
in developing strains of birds that lay light brown eggs of uniform shade 
Poultry breeders who develop inbred lines for crossing to produce hy brid 
pullets should keep in mind that tinted eggs are laid by the progeny of 
crosses between “whitc-egg" breeds and “brown-egg” breeds This is a 
matter of some concern to producers who cater to a market showing a 
preference for white eggs 

Leghorns that lay tinted eggs for a considerable penod of time should 
not be used for breeding purposes, nor should their brothers bo u^cd 
The blue shell color of the Araucana proved to be dominant to white 
shell in tests conducted by Punnett (1933) 

For many years, there was a belief among a few poultry fanciers that 
the phenomenon known as “xenia” really occurred Tins belief was 
based upon the supposition that the semen of a Rhode Inland Rod or 
other “brown-egg” male mated to a White Leghorn or other “white- 
Ggg” female would cause her to lay brownish-tmtcd eggs Ai'^o, if a 
**white-egg” male wore mated to a “brovm-egg” female, ‘=ho would lay 
light brown eggs Kopec (1926) and Axcisson (1932) disproved the 
belief 

SHKLL QUALITY 

Shell quality characteristics include the finish, texture, and thirkno'^s 
of shells 

The enormous breakage of eggs that occurs cverv year on farms ind 
m marketing channels is due to n conMdcmlde extent to shells of poor 
Munhty 'Ihinncss of shell is apparently the mo-t important fictor 
m^pon^ble for the breakage that occurv, osicciallv m mirketing chin- 
'Ihick shells arc nccc«Mry to enable egg^ packed m cirtons ind 
ca‘:es to Withstand the ‘’ilock that often reMiIts from rough or circk^-^ 

handling 

Breaking Slrengtli and Shell Tlnckiic.^*. ^nnou^ device- have 

*>cen uv«I bv different invcMigitop. for dctennining the hreaking 
»'^mngth of tlic sIielK of chicken egg^ Acconling to Ktmbill (I 

dev icomnav l>o cl i-ifie<k acconling to tlu nitun of the hma e rn 
P^«'e<l to break the -hell, into (1) cni-hing (2) [>*nelrilim: and ( ) 
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Unless the diet of hens contains a sufficient amount of calcium, egg 
shell thickness is reduced Bennion and Warren (1933a) were among 
the first to point out that high atmosphenc temperatures induce layers 
to produce thin-shelled eggs Miller and Bearse (1934) observed that 
the percentage of shell m eggs began to decrease m jMarch and con- 
tinued to decrease until October Conrad (1939) showed that, when 
atmospheric temperature increased from 70° F to 90° F, the blood 
calcium le\el was decreased by 25 to 30 per cent Warren and Schnepel 
(1940) reported that, when birds were subjected to a temperature of 
90° F , the calcium content of the blood was reduced to about the same 
extent as was shell thickness Wilson (1949) found, not only that shell 
thickness decreased when the air temperature rose much above 70° F , 
but also that feeding thyroprotein (lodinated casein), a substance hav- 
ing the properties of thyroxine, increased shell thickness 
The thickness of shells of eggs m relation to their position in the 
clutch was investigated by Wilhelm (1940) and Berg (1945) Wilhelm 
reported relatively little decrease in shell thickness between the first 
and last eggs of the same clutch m two-, three-, or four-egg clutches 
Berg, howexer, observed that the shell of the second egg of two-egg 
clutches was thicker than that of the first egg of the clutch In three- 
cgg clutches and those of greater egg numbers, the first and last egg of 
the clutch had thicker shells than those of intervening eggs 
The poultry breeder must keep in mind that an outbreak of disease 
in the flock may affect shell thickness adversely Scott, Jungherr, and 
Matterson (1944) pointed out that sulfanilamide (sometimes used in 
outbreaks of infectious coryza) tends to reduce shell thickness y in 
hibiting the secretory ability of the shell-secreting glands of the uterus 
Berg, Bearse, and Hamilton (1947) observed that Newcastle disease 
caused some birds in their flock to lay thm-shelled eggs In selecting 
future breeding stock, especially when this is done on a family basis, 
poultry breeders should keep these points m mind 

Breeding for Better Shell Quality. The fact that some of the egg- 
shell characters previously discussed, as well as certain ot ers, aw a 
hereditary basis has been demonstrated by several >^'\"tigators 
suits secured by Willard and Shaw (1909), Taylor and (1928) 

Romanoff (1929), Almquist and Holst (1931), Hainan (19 ), a 
Baskett, Dryden, and Hale (1937) indicated the hentability of such 
characters as shell percentage of total egg weight shell porosity, thick- 
ness, and breaking strength Hutt (1949) submitted data from wnous 
investigators with respect to the superiority of I\hite I^gh gg 
over the eggs of several general purpose ^anetles m differen gg 

characters 
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to improve shell quality is to determine the relative loss in weight of 
eggs ^hen incubated for 14 days at 99 5° F at 60 per cent relatne 
humidity, as ^\as done by Quinn, Gordon, and Godfrey (1945) 

From an onginal flock of WOiite Leghorns, ti\o lines i\ere developed 
diffenng in egg-v\ eight loss Cockerels for breeding purposes were 
selected from families of full-sisters whose eggs shov\ed the least and 
the greatest loss m weight, respectively The females used for breeding 



Fig 05 Showing the difference m percentage loss m weight of eggs during 14 days 
of mcubation at 99 5® F , between two strains of hite Leghorns developed bv 
selection and breeding from the same original flock After 7 years the difference in 
weight loss between the two Imes of breeders was 5 3 per cent and betv\een the tno 
Imes of progenies 3 6 per cent (Quinn Gordon and Godfrey 1945 ) 


purposes consisted of (1) progeny-tested dams and (2) pullets from 
families of full-sisters whose eggs showed the least and the greatest loss 
m weight, respectively The eggs of all the progeny of each line were 
tested for loss in weight The line showing the least loss m egg weight 
laid eggs with better shells than the line showing the greatest loss in 
egg weight The extent to which the lines differed dunng 7 years o 


selection and breeding is shown in Fig 95 , ^ 

It IS clearly apparent from Fig 95 that shell qua ity, e emin 
by loss m egg weight dunng incubation, is mhented and can be im- 
proved by progeny-testing dams and by selecting cockerels and pu Ict^ 
for breeding purposes from families m which the full-sisters egg g 
'oss IS the least In eggs having good shell quality, the thic 
does not break doim so readily m warm weather as m eggs ha g P 


shell quality 
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to improve shell quality is to determine the relative loss m weight of 
eggs \\heii incubated for 14 days at 99 5° T at 60 per cent relative 
humidity, as was done by Quinn, Gordon, and Godfrey (1945) 

From an original flock of White Leghorns, tivo lines were developed 
diffenng in egg-weight loss Cockerels for breeding purposes were 
selected from families of full-sisters whose eggs showed the least and 
the greatest loss m weight, respectively. The females used for breeding 



purposes consisted of (1) progeny-tested dams and (2) pullets from 
amihes of full-sisters whose eggs showed the least an e Srea e 
® "eight, respectively The eggs of all the progeny of ^uch hne i ere 
tested for loss in weight The line shomng the least loss in egg g 
'■ud eggs with better shells than the line shoning the Breutest ^ m 
egg Weight The extent to which the lines differed dunng y 
selection and breeding is shown in Fig 95 j„t„rmined 

It IS clearly apparent fiom Fig 95 that shell qua ' > ’ 
t>y loss in egg weight dunng incubation, is inherited 
P^ed by progeny^esting dams and I-y 
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to Lorenz, Taylor, and Nenlon (1944), Berg, Bearse, and Hamilton 
(1947), and Parnell (1950) 

lOiox and Godfrey (1938) showed that the percentage thick albumen 
of total albumen decreased from October through June of the first 
lajnng year, indicating a seasonal influence on this character Much 
the same situation was found true for eggs laid by yearling and older 
hens Jeffrey (19416) compared the seasonal rate of decrease in thick 
albumen between Apnl-hatched and November-hatched pullets and 



Fio 9G In grade AA the thick white stands up well around the yolk whereas ra 
Srades A and B there is a progressive breakdown of the thick white and in grade o 
die thick white has almost completely disappeared (Van Wagenen and Hall 
1930) 


observed that during the summer months the Apnl-hatched puflets^ 
ogga had relatively less thick white than the November-hatched pullets 

oggs 


The fact that the percentage thick albumen of total albumen is 
oharacteiistic dependent on the individual hen was apparent y r 
demonstrated by Holst and Almquist (1931) and later confirme y 
Munro (1938) The fact that the percentage thick albumen « 
a'bumen is mhented was demonstrated by Lorenz, Toy “L j"”' 
Wiet (1934) and Ifnox and Godfrey (1938) Wf ‘'■"S "■‘'j 
horns and Rhode Island Reds, ICnov and Godfrey a934) 

"Tnte Leghorn eggs had a significantly f , (1930) 

than did Rhode Island Red eggs Van Wagenen and Hafi (1930) 
tuhmitted evidence indicating that the percentage thin albu 

albumen is mhented , . ^ Kr^vdintr 

Lorenz and Taj lor (1940) earned on a arcent ige 

I"'ogram to develop one line of birds for a re a iv ^ (|,ick 

‘h'tk albumen and another line for a relativelj low porcen 
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Knox and Godfrey (1940) earned on a 5-jear selection and breeding 
program nith Rhode Island Reds to determine the possibility of - 
lishing ti\o lines differing in the percentage of thick albumen 
suits secured are shown in Fig 9S , *„„lmp=-i^pre 

Figure 98 shows that the original flock from which th 
Jeieloped laid eggs whose thick albumen was approximately 50 per ce 
of the total alburnen After 5 jears of selection the percentage of thick 



j jiie low -line 46 6 
*umen m the high-line progeny was 64 6 breeders to 

ging by these results, it should be i-elative percentage o 

toprove their strain of birds woth respec ° , program 

'Ok albumen by adopting a sound reported that it is pn 

Qumn (1948) and Quinn and MoNafl^ from excess.'^ 

0 to breed for resistance of thick "'Kd® - eehorns, hens w ere p 

out After 7 years of progeny-testmg ’ j j deterioration w 
^“ood that laid eggs xvhose thick albumen resisted 
"footed to 100° F for 14 days (see Fig eases the kind of 

Yolk Quality _ It IS rvell known that in For instance, 

faying flock affects the color of * „ ,th deep J ello" J 

Ml an abundance of green feed yie ^ ^ „ ,tli i e 

""■oas diets lacking carotinoid pigments } 
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Blood Clots and Spots 3^7 

typical blood clots and spots, eggs may contain blood sheets or blood 
streaks, or in rare cases blood may be diffused throughout the albumen 
These different types of blood inclusions within eggs originated as blood 
clots 

Blood clots and spots are due apparently to hemorrhages that occur 
between the inner lining of the follicle and the vitelline membrane of 
the yolk some time before ovulation, or at the time of ovulation, or 



Fia. 100. Types of blood clots and spots in eggs A, blood streak, B, t^o blood 
clots not attached to the yolk, C, blood sheet, D, combination of blood clot, blood 
sheet, and blood streak, E, blood streak, F, red blood clot, G, bronn blood clot, 
H, pinkish tan "meat” spot, I, "meat spot” with dark center and white run, J, blood 
clot and blood streak (Nalbandov and Card, 1944 ) 

much less frequently in the magnum section of the oviduct (Burmester 
and Card, 1938) In this discussion, the only distinction made bet\\een 
blood clots and spots is with respect to size. Blood clots and spots, 
especially clots, may vary in color from white to bright red to dark 
broivn, depending upon the extent to which the degeneration of the 
blood has taken place before the egg is opened Clots of degenerated 
blood have sometimes been referred to as “meat spots ” This is a mis- 
nomer because the clots consist of red blood corpuscles, for the most 
part, enclosed in a protein layer. Sharma (1950) pointed out that white 
“meat spots” are formed in the o%iduct by the coagulation of albumen 
surrounding a degenerated blood clot. 

Effect of Environmental Factors. Card and Nalbandov (1944) reported 
that birds given access to grass range produced eggs with feuer blood 
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Blood Clots and Spots 3^ 

by birds which survived the first laying year tended to be higher than 
m eggs laid by birds v hich died dunng the laying year 

Age of Lagers Concerning the incidence of blood spots in eggs m 
relation to the age of layers, Nalbandov and Card (1944) reported that 
the incidence was considerably greater dunng the first laying year than 
dunng the second laying year and somewhat greater dunng the second 
than the third laying year On the other hand, Sharma (1949) reported 
that the incidence of blood spots was highest in the second laying year 

Shell Color Upon the basis of the examination of the broken-out 
appearance of Rhode Island Red eggs that were classified as having 
light brown shells and dark brown shells, respectively, Jeffrey and 
Walker (1950) reported that 34 8 per cent of the light brown eggs had 
blood clots and spots whereas 49 4 per cent of the dark brown eggs had 
blood clots and spots (the designations of “colored meat spots” and 
"white meat spots” used by Jeffrey and Walker were considered to be 
degenerated blood clots) Whether certain birds laid the light-brow n- 
shelled eggs and certain other birds laid the dark-brow n-shelled eggs 
was not reported Also, the incidence of blood clots and spots in light- 
brown-shelled eggs as compared with their incidence m dark-brown- 
shelled eggs laid by the same bird was not reported The F 2 progeny 
secured from reciprocal crosses between White Leghorns and Rhode 
Island Reds were classified into three groups (1) those laying white- 
shelled eggs, (2) those laying tinted eggs, (3) those laying light-brow n- 
shelled eggs The percentage of blood clots and spots in the eggs of 
these three groups of Fg birds was as follows 34 2, 22 5, and 42 0 
respectively 

Breed and Variety Differences With respect to differences in the 
incidence of blood clots and blood spots according to breeds, the obser- 
vations of several investigators vary somewhat Hall (1939) reported 
the following percentages of eggs with blood spots White Wyandottes, 

1 0, Barred Plymouth Rocks, 6 0, Rhode Island Reds, 7 8, ^Vhite Leg- 
horns, 5 7 Quinn and Godfrey (1940) observed that the percentage of 
blood spots was very much less m White Leghorns than m White Wjan- 
dottes, whose blood-spot percentage in eggs was about half that in 
Rhode Island Red eggs Nalbandov and Card (1947) reported con- 
siderably higher percentages of blood clots in the eggs of general-purpose 
breeds than m ^Vhite Leghorn eggs Jeffrey and Walker (1950) found 
little difference among White Leghorns, Barred Plymouth Rocks White 
Plymouth Rocks, and Rhode Island Reds with respect to the percentage 
of blood spots, but they noted that the general-purpose birds far e\- 
ceeded the White Leghorns with respect to the percentage of blood 
clots 



Blood Clots and Spots 3^ 

by birds which survived the first laying year tended to be higher than 
m eggs laid by birds vhich died dunng the laying year 
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queatly escape into the body cavity of the bird either intact or after 
the rupture of the vitelline membrane 

Eggs with Two or Three Yolks. Most of the double-yolked eggs 
result from two ova that develop in the ovary at the same rate, mature 
at the same time, and as a consequence are ovulated simultaneously 
A few double-yolked eggs apparently result from the ovulation prema- 
turely, by one day, of an ovum so that it “catches up” nith the ovum 
that was ovulated in natural sequence the previous day Other double- 
yolked eggs are said to result when the mouth of the oviduct receives 
an ovulated ovum directly from the ovary either immediately before or 
after the engulfing of an ovulated ovum that had dropped into the body 
cavity For further details, see Curtis (19141), 1915) and Conrad and 
Warren (1940) Tnple-yolked eggs originate in the same way as double- 
yolked eggs 

Eggs within Eggs. In some cases, the enclosing egg contains no 
yolk but the enclosed egg is complete m all parts In other cases, the 
enclosing and enclosed egg each contain a yolk and are othenvise com- 
plete Asmundson (1933o), who reviewed several earlier reports of 
different kinds of eggs within eggs also mentioned the case of a double 
egg comprising a small, yolkless dwarf egg enclosed in a normal egg 
According to Asmundson, these different kinds of eggs within eggs are 
formed when the enclosed egg returns from the uterus to the upper part 
of the oviduct, where it is joined by a yolk with surrounding albumen 
or with albumen only The completed egg and additional material are 
then enclosed m shell membranes and then pass to the uterus, where 
shew encloses the whole mass A double egg, the enclosed and the en- 
closing egg each having a > oik, was described by Romanoff and Hutt 
(1945) and was reported to be formed in the same way as that described 
by Asmundson A slightly different type of double-yolked egg was 
described by Hutt (1946), the second yolk being still enclosed in its 
follicle, the stalk of which protruded through the large end of the shell 
Immediately surrounding the protruding stalk, there was only a vciy 
thin covenng of shell Apparently, the mouth of the oviduct had en- 
gulfed the first ovum (which had ovulated normally) and then had 
grasped the second ovum, still contained in its follicle 

Other Abnormalities Another case m which the mouth of the 
oviduct engulfed a follicle with its contained j oik was reported bj Hutt 
(1939) This follicle must have passed through the entire oviduct 
rather rapidly, since only a small amount of albumen had been secreted 
in the equatorial region of the follicular la>cr surrounding the jolk 

Parker and Kempster (1940) desenbed a norma! but thm-shclied egg 
from the large end of which protruded n brownish mass of mitcrial 
connected with a portion of the man which contained about 23 ova in 
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quently escape into the body cavity of the bird either intact or after 
the rupture of the vitelline membrane 

Eggs yvith Two or Three YoUts. Most of the double-yolked eggs 
result from two ova that develop m the ovary at the same rate, mature 
at the same time, and as a consequence are ovulated simultaneously 
A few double-yolked eggs apparently result from the ovulation prema- 
turely, by one day, of an ovum so that it “catches up" with the ovum 
that was ovulated m natural sequence the previous day Other double- 
yolked eggs are said to result when the mouth of the oviduct receives 
an ovulated ovum directly from the ovary either immediately before or 
after the engulhng of an ovulated ovum that had dropped into the body 
cavity For further details, see Curtis (1914&, 1915) and Conrad and 
Warren (1940) Tnple-yolked eggs originate m the same way as double- 
yolked eggs 

Eggs within Eggs, In some cases, the enclosing egg contains no 
yolk but the enclosed egg is complete m all parts In other cases, the 
enclosing and enclosed egg each contain a yolk and are othenvise com- 
plete Asmundson (1933o), who reviewed several earlier reports of 
different kinds of eggs within eggs also mentioned the case of a double 
egg comprising a small, yolkless dwarf egg enclosed m a normal egg 
According to Asmundson, these different kinds of eggs within eggs are 
formed when the enclosed egg returns from the uterus to the upper part 
of the oviduct, where it is lomed by a yolk with surrounding albumen 
or with albumen only The completed egg and additional material arc 
then enclosed m shell membranes and then pass to the uterus, where 
shell encloses the whole mass A double egg, the enclosed and the en- 
closing egg each having a yolk, was described by Romanoff and Hutt 
(1945) and was reported to be formed in the same way as that described 
by Asmundson A slightly different type of double-yolked egg was 
described by Hutt (1946), the second yolk being still enclosed in its 
follicle, the stalk of which protruded through the large end of the shell 
Immediately surrounding the protruding stalk, there was only a \eiy 
thin covenng of shell Apparently, the mouth of the oviduct had en- 
gulfed the first ovum (which had ovulated normally) and then had 
grasped the second ovum, still contained in its follicle 

Other Abnormalities Another case m which the mouth of the 
oviduct engulfed a follicle w ith its contained j oik w as reported bj Hutt 
(1939) This follicle must have passed through the entire oviduct 
ratlier rapidly, since only a small amount of albumen had been secreted 
in the equatorial region of the follicular la>cr surrounding the jolk 

Parker and Kempster (1940) described a normal but thm-shelled egg 
from the large end of winch protnidcd a brownish mass of mUerul 
connected with a portion of the man which contained about 25 o\a m 



Selected Literature References 


353 


SELECTED LITERATURE REFERENCES 

Almquist, H J,andB R Bubhesteb, 1934 Charactenstics of an abnormal typo 
of shell Pont Set 13 116-122 

Almquist, H J , and IV T Holst, 1931 Variability of shell porosity m hen's 
eggs Hilgardta 6 61-72 

Asmundsov, V S , 1921 The relation of the keel bone to egg production Set 
Agr 1 30-33, 63-67 

Asmundson, V S, 1931 The formation of the hen’s egg Set Agr 11 590-006 
662-680, 

Asmundsov, V S , 1933 The relation of the secretory activity of di/Tcrent parts 
of the hen’s oviduct to the inheritance of weight of egg AlU del V Congresso 
Afondiole di Polbcoliura, Rome, 2 344-352 
Asmundson, V S , 1933a The formation of eggs w ithm eggs Zool Am 101 209- 
217 

Asmundsov, V S , and G A Baker 1940 Percentage shell as a function of shell 
thickness, egg volume, and egg shape Poul Set 19 227-232 
Asmundsov, V S , and B R Bormester, 1936 The secretory activity of the parts 
of the hen's oviduct Jour Exptl Zool 72 225-246 
Asmundsov, V S , and B R Bormester, 1938 The effect of resecting a part of 
the uterus on the formation of the hen’s egg Poul Set 17 120-130 
Asmundson, V S.andJ G Jervis, 1933 The effect of resecting of different parts 
of the hen’s egg Jour Exptl Zool 65 395-120 
Atwood, H, 1914 Some factors affecting the weight, composition and hatch- 
ability of hen’s eggs West Vtrgtnta Agr Exp Sta Bull 145 
Atwood, H , 1023 Certain correlations m the weight and number of eggs and the 
weight of fowls M est Vtrgtnta Agr Exp Sta Bull 182 
Atwood, H , 1925 The standard deviation of the weight of W hile Leghorn eggs 
Poul Sa 4 225-229 

Atwood, H , 1926 Some factors affecting the weight of eggs Il'est IVj^inia Agr 
Exp Sta Bun 201 

Atwood, H , 1927 The weight of eggs in connection with the time of da> when 
they are laid Poul Set 6 109-109 

Atwood, H , 1928 The vanalton in the weight and nuralior of eggs and the weight 
of Mhitc Leghorn fowls during the first two years of production Poul Sa 
0 51-55 

Atwood, II , and T B Clark, 1930 The relationship between the numlier and 
weight of eggs and body weight of Ix*ghorn fowls during the first three years of 
production 11 Vtrgtnta Agr Exp Sta Hull 233 
Atwood, H , and C L I^taklet, Jr, 1917 Certain eliaractcra of hen eggs 
Vtrgjnin Agr Exp Sta Hull IGG 

Axi lsson, J , 1932 Variation and hrmlily of some chnnclcrs in \\ lute Iyghom« 
Rhode I«hnd Reds and Ramsclders Lunds Lntrrrattrtr Artikn/l NE IJd , 28 
No 1, 1-190 

BAsKrTT, R G , U' II Diirors, amIR B Halt 1937 Insestigation on the ffu>n 
slu ngth of hen eggs Jour 1/in Agr , Sorth Irflnnd St\S2 142 
IUttn, B D.andl B HrsDiRsoN 1911 ReWlion^ of wnghl" and solum'^ of 
eggs to mea«urement*i of long and short axu Paul Set 20t5.V» Wl 
Rra/AMis, I B , 1920 A of «#-lection for th** sire, ^hap^. an 1 co’or of l^n * 

eggs Cornell I’nir Agr Fxp S‘a \ftrrt 31 



Selected Literature References 


353 


SELECTED LITERATURE REFERENCES 

Almqtjist, H J , and B R BumfESTEB, 1934 Charactenstics of an abnormal typo 
of shell Paul Set 13 116-122 

Almquist, H J , and IV T Holst, 1931 VanabUity of shell porosity m hen's 
eggs Hilgardta 6 61-72 

Asmundsov, V S , 1921 The relation of the keel bone to egg production Set 
Agr 1 30-33, 63-67 

Asmundson, V S, 1931 The formation of the hen’s egg Set Agr 11 590-G0G 
662-680, 775-778 

Asmundsov, V S , 1933 The relation of the secretory activity of di/Tcrent parts 
of the hen’s oviduct to the inheritance of weight of egg AUt del V Congresso 
Mondiah di Polheoliura, Rome, 2 344-352 
Asmundson, V S , 1933a The formation of eggs w ithm eggs Zool Am 101 209- 
217 

Asmundsov, V S , and G A Baker 1940 Percentage shell as a function of shell 
thickness, egg volume, and egg shape Paul Set 19 227-232 
Asmundsov, V S , and B R Burmbsteu, 1936 The secretory activity of the parts 
of the hen's oviduct Jour Expll Zool 72 225-246 
Asmundsov, V S , and B R Bubmbster, 1938 The effect of resecting a pari of 
the uterus on the formation of the hen’s egg Poul Set 17 120-130 
Asmundson, V S , and J G Jcnvis, 1933 The effect of resecting of difTercnt parts 
of the hen’s egg Jour Exptl Zool 65 395-120 
Atwood, H, 1914 Some factors affecting the weight, composition and hatch- 
ability of hen’s eggs West Virgtnta Agr Exp Sta Bull 145 
Atwood, H , 1023 Certain correlations m the weight and number of eggs and the 
weight of fowls Beat Vtrgtnta Agr Exp Sta Bull 182 
Atwood, H , 1925 The standard deviation of the weight of \\ hile Leghorn eggs 
Poul Sa 4 225-229 

Atwood, H , 1926 Some factors affecting the weight of eggs ir«£ IVj^inia Agr 
Exp Sta Dull 201 

Atwood, H, 1927 The weight of eggs in connection with the time of da> when 
they are laid Poul Set 6 lOS-109 

Atwood, H , 1928 The vanalion m the weight and nuralwr of eggs and the weight 
of Uhitc Leghorn fowls during the first two jenrs of production Poul Sa 
0 51-55 

Atwood, H , and T B Clark, 1930 The reKtiomlnp between the numl)er and 
wciglit of eggs and bodj weight of Ix-ghom fowls dunng the first three >ear^ of 
production 11 rirginm Exp Sta Hull 233 
Atwood, H , and C L I^tanlet, Jr, 1917 Certain cliaractcra of hen eggs B«t 
Virginia Agr Exp Sta Bull IGG 

Axr LssoN, J , 1932 Variation and britalilj of some chnneters in W lute lyghorrn 
Rhode Idand Reds and Bamaclders Lunds Cmrrrsitelf Anstn/t NE IW , 28 

No 1, 1-190 

BAsKrrr, R G , U' 11 DiirorN, and R B Halt 1937 Iniestigation on the fhrll 
<*tringth of hon rggs Jour Min Agr , AoiiA /rthnd 3tl32 142 
IUttn, B D.andl B llrsDiiLsoN )9ll ReUtions of nnchls and lolumr-. of 
eggs to mea«urernents of long and short axis Poul Sa 20t.>.y» rOt 
Rra/AMls, I B , 1920 A i>{ud\ of -elrction for the ^hape, an 1 ro’or of 1 en * 
eggs Cornell I'nir Agr Fxp S*a Mtm 31 



Selected Lateraiure References $55 

Funk, E M , 1935 Relation of body -weight and egg weight in the domestic fowl 
Paul Set 14.232-236 

Funk, E M , and H L Kempster, 1934 Egg weight m the domestic fowl Mtt 
soun Agr Exp Sta Bull 332 

Ghigi, a , 1948 Is the weight of the egg a sex linked feature? Rept Eighth 
Worlds Paul Conjr , Copenhagen, pp 751-752 
Godfrey, A B , 1933 Methods of estimating the mean egg weight per bird for 
the first year production Pouf Sex , 12 368-372 
Godfrey, A B , and M W Olsen, 1937 Individual hen and breed differences in 
egg weight losses during incubation Poul Sci 16 216-218 
Godfrey, G F , 1949 The effect of feeding thjToprotein on egg <!hell qualitj and 
hatchability Poul Sex 28 867-873 

Goodale, H IX, 1949 Increasing the efficiency of the laying hen Science 110 4G- 
47 

Gutteridge, H S and J M Pratt, 1940 The effect of vitamins D 2 and Dj in 
fish oils and of lodocasem on shell quality Poul Sci 25 89-91 
Gutteridge, H S , and M Novikopf, 1947 The effect of natural and synthetic 
vitamins Da and of thyroprotein on egg shell quality Poul Set 26 210-212 
Hadley, P , and D Caldwell, 1920 Studies on the inheritance of egg weight 
I Normal distnbution of egg weight Rhode Island Agr Exp Sta Bull 181 
Hall, G 0 , 1939 Breed vanations among egg characters Poul Sci 18 282-287 
Hall, G 0 , 1944 Egg shell color in crosses between white- and brown egg breeds 
Poul Set 23 259-265 

Hainan, E T , 1935 An analysis of some egg faults I and II Jour Min Agr 
Great Britain 42 236-245, 326-337 

Harper, J A , and D R Marble, t945a Egg shape I Albumen influence 
Poul Set 24 56-60 

Harper, J A , and D R Marble, 19456 Egg shape II Muscular and other 
oviducal influences Poul Set 24 61-65 

Hays, P A, 1929 The inheritance of egg weight in the domestic fowl Jour 
Agr Res 38 511-619 

Hays, F A, 1930 Increase m egg weight during the puUct h>mg jear Proc 
Poul Sci Assoc , p 10 

Hays, F A , 1933 Relation between body weight and age at sexual matuntj 
Poul Sa 12 23-25 

Ha^s r A , 1934 Time intciwal from first egg to standard egg weight m Ilhwlr 
Island Rod pullets Massachusetts Agr Exp Sta Bull 313 
Hayb, F a , 1937 Inhcntancc of egg size and egg character Mossachu^flls Agr 
Exp Sta Dull 344 

Haib r A , 1939 The significance of bodj weight in breeding for egg pro<luplion 

Massachusetts Agr Exp Sla Bull 364 

Hays, r A , 1941 Transmitting abililj m males of genes for egg «<izo Poul Sn 

20 217-220 

Hais, r A , 1914 Vanabilit> in egg weight m Rhode I«land Reds Masiaehu 
setts Agr Exp Sla Bull 411 

IIayr, r A , 191C The >aluc of hnuted trapnesting m pouUrj breeding 
chusella Agr Exp Sla Bull 43S 

Hats, F A , 1018 Clmnges in the egg weight of R I Red femiJes during the fir^t 
lijingjoar Rept Etgfth WorhraPoul Congr , CopcnJngen pp III-IW 
Hats, f A, and D \\ TALSiiorr 1910 Inbreer/mg in a llorX Gen 

1I:300-3J1 



Selected Literature References $55 

Funk, E M , 1935 Relation of body -weight and egg weight in the domestic fowl 
Poul Set 14.232-236 

Funk, E M , and H L Kempster, 1934 Egg weight in the domestic fowl Mtt 
soun Agr Exp Sta Bull 332 

Ghigi, a , 1948 Is the weight of the egg a sex linked feature? Rept Eighth 
Worlds Poul Conjr , Copenhagen, pp 751-752 
Godfret, a B , 1933 Methods of estimating the mean egg weight per bird for 
the first year production Poxtl Set , 12 368-372 
Godfrey, A B , and M W Olsen, 1937 Individual hen and breed differences in 
egg weight losses during incubation Poul Set 16 216-218 
Godfrey, G F , 1949 The effect of feeding thjroprotein on egg <!hell qualitj and 
hatchabihty Poul Set 28 887-873 

Goodale, H IX, 1949 Increasing the efficiency of the laying hen Science 110 4G- 
47 

Gutteridge, H S and J M Pratt, 1940 The effect of vitamins D 2 and Dj in 
fish oils and of lodocasem on shell quality Poul Set 25 89-91 
Gutteridge, H S , and M Novikopf, 1947 The effect of natural and synthetic 
•vitamins Da and of thyroprotein on egg shell quality Poul Set 26 219-212 
Hadley, P , and D Caldwell, 1920 Studies on the inheritance of egg weight 
I Normal distribution of egg weight Rhode Island Agr Exp Sta Bull 181 
Hall, G 0 , 1939 Breed vanations among egg characters Poul Set 18 282-287 
Hall, G 0 , 1944 Egg shell color id crosses betw'cen white- and brown egg breeds 
Poul Sa 23 259-2G5 

Hainan, E T , 1935 An analysis of some egg faults I and II Jour Mtn Agr 
Great Britain 42 236-245, 326-337 

Harper, J A , and D R Marble, 19450 Egg shape I Albumen influence 
Poul Set 24 56-00 

Harper, J A , and D R Marble, 19456 Egg shape 11 Muscular and other 
oviducal influences Poul Set 24 61-65 

Hays, F A, 1929 The inheritance of egg weight in the domestic fowl Jour 
Agr Res 38 511-519 

Hays, P A , 1930 Increase in egg weight during the puUct h>mg >ear Proc 
Poul Set Assoc , p 16 

Hays, F A , 1933 Relation between body weight and age at sexual matuntj 
Poul Sa 12 23-25 

Ha^< 5 r A , 1934 Time intci^al from first egg to standard egg weight m Ilhwlr 
Island Rod pullets Massachusetts Agr Exp Sta Dull 313 
Hays, F A , 1937 Inhcntancc of egg size and egg character Massachutelh Agr 
Exp Sta Dull 344 

Hais r A , 1939 The significance of bodj weight in breeding for egg production 
Massachusetts Agr Exp Sta Dull 364 

Hays, r A , 1941 Transmitting abilit> m males of genes for egg size Paul Sn 
20 217-220 

Hais, r A , 1914 Vanabilit> m egg weight m Rhode I«land Reds Masinehu 
setts Agr Exp Sta Dull 411 

Hats, r A , I91G The >nlue of limiled tropnesting in poulirj breeding lfo"o 
vljrr Exp Sta Dull 43S 

Hats, F A , 1018 Clmnges in the egg weight of R I Red femilcs during the fir^t 
Hjingjear Rept Eigfth WorUVsPoul Con^ , Copeningen pp III-IW 
Hats, I A, and D W Taljuixt 1919 Inbiwhng in a rlo-*-*! flock Cm 
3I:300-3JJ 



Selected Literature References 357 

Klose, a a , and H J Almquist, 1937 The pigment of egg shell membranes 
Poul Sa 16-173-174 

Knox, C W , 1950 The effect of Newcastle disease on egg production, egg weight 
and mortality rate Poul Sci 29 907-911 
Knox, C W , and A B Godfrey, 1934 Variability of thick albumen m fresh-laid 
eggs Poul Sci 13*18-22 

Knox, C W, and A B Godfrey, 1938 Factors influencing the percentage of 
thick albumen of hen’s eggs Poul Set 17 159-162 
Knox, C W , and A B Godfrey, 1940 Five years of breeding for high and low 
percentage of thick albumen in the eggs of Rhode Island Reds Poul Set 19 291- 
294 

Kopec, S , 1924 Some data referring to size, shape, and weight of eggs in the do- 
mestic fow 1 Mim Inst Nat Polon Scon Rurale Pulawy 5 1-34 

Kopec, S , 1926 An experimental study of xenia in the domestic fowl Jour Gtn 
16 269-286 

KoPEd, S , 1927 Beitrage zur Kenntnis des Mechanismus der physiologischen 
Shalenfarbenvanabilitat der Huhnereicr Archtv Gejiug , Jahr I Heft 9 
Lernbr, I M , 1946a The effect of selection for shank length on sexual maturity 
and early egg weight in single comb White Leghorn pullets Poul Set 23 204- 
209 

Lerner, I M , 19466 The incidence of blood spots m eggs and its relation to first 
year mortality Poul Set 25 392-394 

Lerner, I M , and Dorothy Crudes 1951 The hentabihty of egg weight the 
advantages of mass selection and early measurements Poul Set 30 34-41 
Lerner I M , Dorothy Crudes, and L W Taylor, 1949 The relative breeding 
worth of full sisters Poul Set 28 903 913 
Lerner, I M , and W R Smith, 1942 Effect of season and heredity on the inci 
dence of blood spots Poul Set 21-473 

Lerner, I M , and L W Taylor, 1947a Seasonal and daily fluctuations in the 
incidence of blood spots Poul Sa 26 662-667 
Lerner I M , and L W Taylor, 19476 The lack of direct transmission through 
the egg of the tendency to produce bfood spots Poul Sa 26 670~e71 
Lippincott, W A , 1921 Preliminary note on the correlation between age at first 
egg and size of the first eggs m pullets Jour Amer Assoc Instr Invest Poul 
Hush 7 73-74 

Lorenz F W , and L W Taylor, 1940 The mhentance of an albumen quality 
characteristic of chicken eggs Jour Agr Res 61 293-302 
Lorenz, F W , L W Taylor, and H J Almquist, 1934 Firmness of albumen 
as an inhented charactenstic Poul Sa 13 14-17 
Lorenz, F W, L W Taylor, and W E Newlon, 1944 Influence of avian 
pneumoencephalitis on subsequent egg quality Poul Sa 23 193-198 
Lund, W A , V Heiman, and L A Wilhelm, 1938 The relationship between 
egg shell thickness and strength Poul Sa 17 372-376 
Marble, D R , 1930 The non linear relationship of egg weight and annual egg 
production Poul Sa 9 257-265 

Marble, D R, 1931a A statistical study of factors affecting egg weight in the 
domestic fowl Poul Sa 10 84-92 

Marble, D R , 19316 The non linear relationship between mean egg weight and 
mean annual body weight Proc 22nd Ann Meeting Poul Sa Assn , pp 55-59 
Marble, D R , 1943 Genetics of egg shape Poul Sa 22 61-71 



Selected Literature References S57 

Klose, a a , and H J Almquist, 1937 The pigment of egg shell membranes 
Fowl Sci 16-173-174 

Knox, C IV , 1950 The effect of Nencastle disease on egg production, egg weight 
and mortality rate Paul Set 29 907-911 
Knox, C IV , and A B Godfrey, 1934 Vanability of thick albumen m fresh-laid 
eggs Poul Sci 13-18-22 

Knox, C W, and A B Godfrey, 1938 Factors influencing the percentage of 
thick albumen of hen’s eggs Poul Set 17 159-162 
Knox, C W , and A B Godfrey, 1940 Five years of breeding for high and low 
percentage of thick albumen m the eggs of Rhode Island Reds Poul Sci 19 291- 
294 

Kopec, S , 1924 Some data referring to size, shape, and weight of eggs in the do- 
mestic fow 1 Mim Inst Nat Polon £con Rurale Pulawy 5 1-34 
Kopec, S , 1926 An experimental study of xenia m the domestic fowl Jour Gen 
16 269-286 

KoPEd, S , 1927 Beitrage zur Kenntnis des Mechanismus der physiologischen 
Shalenfarbenvanabilitat der Huhnereicr Archtv Gefiug , Jahr I Heft 9 
Lerner, I M , 1946a The effect of selection for shank length on sexual maturity 
and early egg weight in single comb White Leghorn pullets Poul Sa 25 204- 
209 

Lerver, I M , 19466 The incidence of blood spots m eggs and its relation to first 
year mortality Poul Set 25 392-394 

Lerner, I M , and Dorothy Crudes 1951 The hentabihty of egg weight the 
advantages of mass selection and early measurements Poul Sci 30 34-41 
Lerver I M , Dorothy Crudes, and L W Taylor, 1949 The relative breeding 
worth of full sisters Poul Sa 28 903 913 
Lerner, I M , and W R Smith, 1942 Effect of season and heredity on the inci 
dence of blood spots Poul Sa 21-473 

Lerner, I M , and L W Taylor, 1947a Seasonal and daily fluctuations m the 
incidence of blood spots Poul Sa 26 662-667 
Lerner I M , and L W Taylor, 19476 The lack of direct transmission through 
the egg of the tendency to produce blood spots Poul Sa 26 670-671 
Lippincott, W a , 1921 Prehminaiy note on the correlation between age at first 
egg and size of the first eggs m pullets Jour Amer Assoc Instr Invest Poul 
Hush 7 73-74 

Lorenz F W , and L W Taylor, 1940 The mhentance of an albumen quality 
characteristic of chicken eggs Jour Agr Res 61 293-302 
Lorenz, F W , L W Taylor, and H J Almquist, 1934 Firmness of albumen 
as an inhented charactenstic Poul Sa 13 14-17 
Lorenz, F W , L W Taylor, and W E Newlon, 1944 Influence of avian 
pneumoencephahtis on subsequent egg quality Poul Sa 23 193-198 
Lund, W A , V Heiman, and L A Wilhelm, 1938 The relationship between 
egg shell thickness and strength Poul Sa 17 3TO-376 
Marble, D R , 1930 The non linear relationship of egg weight and annual egg 
production Poul Sa 9 257-265 

Marble, D R, 1931a A statistical study of factors affecting egg weight in the 
domestic fowl Poul Sa 10 84-92 

Marble, D R , 19316 The non linear relationship between mean egg weight and 
mean annual body weight Proc 22nd Ann "Meeting Poul Sa Assn , pp 55-59 
Marble, D R, 1943 Genetics of egg shape Poul Sa 22 61-71 



Selected Literature References S59 

Quinn, J P , and E H McNally, 1950 Breed for better eees Mtmeo Rpvt 
BAI ,U S Depf Agr ^ ’ 

Romanoff, A L , 1929 Study of the physical properties of the hen’s eggshell in 
relation to the function of the shell-secretoiy glands Biol Bull 56 351 356 
Romanoff, A L , and F B Hurr, 1945 New data on the ongin of double avian 
eggs Anal liec 91*143-154 

Romanoff, Alexis L , and Anastasia J Romanoff, 1949 The Avian Egg, 918 pp 
John Wiloy & Sons, Inc , New York 

ScHNETZLER, E E , 1946 A short penod for obtaining R 0 P egg weights Paul 
Sci 25 28-32 

Scott, H M , 1940 A note on abnormal shape of egg Amer Naturalist 74*185- 
188 

Scott, H M , E Jungherr, and L D Matterson, 1944 The effect of feeding 
sulfanilamide to the laying fowl Paul Set 23 446-453 
SiiARMA, G P , 1949 A study of the incidence, distribution and charactenstics of 
blood spots and miniature eggs Proe Roy Soc Edinburgh, Senes B, 63*302 324 
SiiARMA, G P , 1950 Morphology and nature of blood and meat spots in hen s 
eggs East Panjah Umv Bull 9.103-110 

Sroffner, R N , 1948 The reaction of the fowl to inbreeding Paul Sci 27*. 
448^62 

Sroffner, R N , and H J Sloan, 1948 Hentability studies in the domestic fowl 
Repl Eighth World s Poul Congr , Copenhagen, pp 269 281 
Steogerda, M , and W F Hollander, 1944 Observations on certain shell vana 
tions of hens’ eggs Poul Set 23*450-460 
Stegobrda, M , and R W Schnepbl, 1940 Effect of air temperatures on egg 
shell thickness in the fow*l Poul Set 19.67-72 
Stewart, G F , 1936 Shell characteristics and their relationship to the breaking 
strength Poul Set 16 119-124 

Swenson, T L , and L H James, 1932 Oil does not make egg shells more brittle 
U S Egg and Poul Mag 38(11) 14-16 

Taylor, L W , and I M Lerner, 1938 Breeding for egg production California 
Agr Exp Sta Bull 626 

Taylor L W , and I M Lerner, 1939 Inheritance of eggshell thickness in 
^Vhite Leghorn pullets Jour Agr Res 58 383-396 
Taylor, L W,andJ H Martin, 1928 Factors influencing thickness of eggshell 
Poul Sci 8 39^4 

Taylor, L W , and J H Martin, 1941 Inhentance shell finish in single comb 
^Vhlte Leghorns Jour Jlered 32 33-36 

Upp, C W , and R B Thompson, 1927 Influence of time of hatch on hatchabihty 
of the eggs, rate of groRdh of chicks, and characteristics of the adult female 
Oklahoma Agr Exp Sta Bull 167 

Van Wagenen, A , and G O Hall, 1936 The inheritance of certain characters 
affecting egg quality Poul Set 15 405-410 
VoNDELL, J N , 1933 Is the production of off flavored eggs an individual charac- 
tenstic? U S Egg and Poul Mag 33 18-19 
VoNDELL, J N, 1948 Detection of chickens lajing "fishy eggs” Paul Sa 
27 244-245 

Warren, D C , 1928 Inheritance of earlobe color in poultrj Gen 13 470-487 
Warren, D C, 1930 Crossbreeding of poultrj Kansas Agr Exp Sta Bull 52 
Varren^D C,'i 939 Effect of temperature on size of egg from pullets in different 
latitudes Jour Agr Res 59 441^52 



Selected Literature References S59 

Quinn, J P , and E H McNally, 1950 Breed for better eggs Mimeo Revt 
BAI ,U S Depl Agr 

Romanoff, A L, 1929 Study of the physical properties of the hen’s eggshell in 
relation to the function of the shell^cretoiy glands Biol Bull 56 351 356 
Romanoff, A L , and F B Hurr, 1945 New data on the origin of double avian 
eggs Anat Rec 91*143-154 

Romanoff, Alexis L , and Anastasia J Romanoff, 1949 The Atnan Egg, 918 pp 
John Wiloy & Sons, Inc , Nen York 

ScHNETZLER, E E , 1946 A shoft poHod for obtaining R 0 P egg weights Paul 
Sci 25 28-32 

Scott, H M , 1940 A note on abnormal shape of egg Amer Naturahst 74*185- 
188 

Scott, H M , E Jungherr, and L D Matterson, 1944 The effect of feeding 
sulfanilamide to the laying fowl Pout Set 23 446-453 
SiiARMA, G P , 1949 A study of the incidence, distnbution and charactenstics of 
blood spots and miniature eggs Proc Roy Soc Edinburgh, Senes B, 63*302 324 
SiiARMA, G P , 1950 Morphology and nature of blood and meat spots m hen s 
eggs East Panjab Umv Bull 9.103-110 

Sroffner, R N , 1948 The reaction of the fowl to inbreeding Poul Sci 27* 
448^62 

Skoffner, R N , and H J Sloan, 1948 Hentabihty studies in the domestic fowl 
Rept Eighth World s Paul Congr , Copenhagen, pp 269 281 
Steogerda, M , and W F Hollander, 1944 Observations on certain shell vana 
tions of hens' eggs Poul Set 23*450-460 
Steggbrda, M , and R W Schnepbl, 1940 Effect of air temperatures on egg 
shell thickness m the fowl Poul Set 19.67-72 
Stewart, G F , 1936 Shell characteristics and their relationship to the breaking 
strength Poul Set 16 119-124 

Swenson, T L , and L H James, 1932 Oil does not make egg shells more brittle 
U S Egg and Poul Mag 38(11) 14-16 

Taylor, L W , and I M Lerneh, 1938 Breeding for egg production California 
Agr Exp Sta Bull 626 

Taylor L W , and I M Lerner, 1939 Inheritance of eggshell thickness in 
^Vhite Leghorn pullets Jour Agr Res 58 383-396 
Taylor, L W , and J H Martin, 1928 Factors influencing thickness of eggshell 
Poul Set 8 39^4 

Taylor, L W , and J H Martin, 1941 Inhentance shell finish m single comb 
IVhite Leghorns Jour Ilered 32 33-36 

Upp, C W and R B Thompson, 1927 Influence of time of hatch on hatchability 
of the eggs, rate of growth of chicks, and characteristics of the adult female 
Oklahoma Agr Exp Sta Bull 167 

Van Wagenen, A , and G O Hall, 1936 The inheritance of certain characters 
affecting egg quality Poul Set 15 405-410 
VoNDELL, J N , 1933 Is the production of off flavored eggs an individual charac- 
tenstic? U S Egg and Poul Mag 33 18-19 ^ 

Vondell, J N, 1948 Detection of chickens lajtng "fi-shy eggs” Poul Sn 
27 244-245 

IVarren, D 0,1928 Inheritance of earlobe color in poultrj Gen 13 470-487 
WAnnrv, D C, 1930 Crassbrceding of poultrj Kansas Agr Exp Sta Dull 52 
V ARREs] DC,' 1939 Effect of temperature on «Ke of egg from puHets in different 
latitudes Jour Agr Res 59 441^52 



12 • Selection Methods 


The ultimate goal of any breeding program is to have a high pro- 
portion of desirable individuals in the population The desired type will 
usually involve not one but several economic characters Since no one 
animal ever combines all the best characters, we must be reconciled 
from the beginning to compromise in the selection of future breeding 
stock With respect to the perpetuation of the race, each individual 
constitutes a new and temporary combination of genes which are taken 
as samples from the genes of the parents It is m this sampling process 
that the breeder is able to exercise some degree of control, thus changing 
the new population so that it is a little different from the preceding one 
It is not possible to control which gene of any given pair goes to the new 
individual, however, it is sometimes possible to select parents so that it 
will make no difference which gene of the pair happens to be used, for 
example, parents that are homozygous for the gene in question 
There are few if any characters of economic importance in poultry 
that are determined by a smgle pair of genes or even by a few pairs of 
genes The inheritance of the recessive white color approaches this 
condition, the birds are either colored or not colored, with practically 
no intermediate condition A character so inhented exhibits so-called 
discontinuous vanabihty Most of the characters of importance in 
poultry, however, show a continuous type of variation, indicating that 
many genes are concerned m determining the character An example 
of this type of inhentance is found in the study of body weights (Jull 
and Qumn, 1931) AVhen small birds are mated to large ones, the Fa 
progeny shows a wide degree of variation Some are nearly as large as 
the large parent, and some are nearly as small as the small parent, with 
most individuals ranging somewhere between the two parents When 
the data representing the measurements for such a character arc plotted 
on a frequency curve, a normal bell-shaped distribution results The 
greater the number of genes in\ohed in determining the character, the 
smoother will be the frequencj curve (Lush 1945) A frequency dis- 
tribution of the weights of 10-wcck-oId New Hampshire broilers grown 
se/ 



12 • Selection Methods 

The ultimate goal of any breeding program is to have a high pro- 
portion of desirable individuals in the population The desired type will 
usually involve not one but several economic characters Since no one 
animal ever combines all the best characters, we must be reconciled 
from the beginning to compromise m the selection of future breeding 
stock With respect to the perpetuation of the race, each individual 
constitutes a new and temporary combination of genes Tvhich are taken 
as samples from the genes of the parents It is in this sampling process 
that the breeder is able to exercise some degree of control, thus changing 
the new population so that it is a little different from the preceding one 
It IS not possible to control uhich gene of any given pair goes to the new 
individual, however, it is sometimes possible to select parents so that it 
will make no difference which gene of the pair happens to be used, for 
example, parents that are homozygous for the gene in question 

There are few if any characters of economic importance in poultry 
that are determined by a smgle pair of genes or even by a few pairs of 
genes The inheritance of the recessive white color approaches this 
condition, the birds are either colored or not colored, with practically 
no intermediate condition A character so mhented exhibits so-called 
discontinuous vanabihty Most of the characters of importance in 
poultry, however, show a continuous type of variation, indicating that 
many genes are concerned in determining the character An example 
of this type of inhentance is found in the study of body veights (Jull 
and Qumn, 1931) ^Vhen small birds are mated to large ones, the Fa 
progeny shows a wide degree of variation Some are nearly as large as 
the large parent, and some are nearly as small as the small parent, with 
most individuals ranging somewhere between the two parents When 
the data representing the measurements for such a character arc plotted 
on a frequency curve, a normal bell-shaped distribution results The 
greater the number of genes in\ohed in determining the character, the 
smoother will be the frequencj curve (Lush 1945) A frequency dis- 
tribution of the weights of 10-wcck-oId New Hampshire broilers grown 
se/ 




Gene Frequency 



Hentdbihty ggg 

in which the desirable genes predominate A third factor affecting rate 
of change is the accuracy with which mdividuals with a desirable geno- 
type can be identified This relationship between genotype and pheno- 
type IS another phase of breeding and will be discussed below as hent- 
ability 

Hentability. The phenotypic expression of all characters is influ- 
enced by both environment and heredity, and it is useful to know the 
relative unportance of each It is helpful to kno\\ something about the 
hentability of a character in determimng whether the record of an 
individual can be visely used in estimating its breeding vorth If a 
bird IS white, color being highly heritable, we can be sure the individual 
has the genotype for white color However, if a hen lays 200 eggs, egg 
production having a low degree of hentability, it may have a genotype 
that usually results in 175 eggs under unfavorable environmental con- 
ditions or one that usually results in 235 eggs under the most favorable 
environmental conditions Hentability, as defined by Lush (1949), is 
“the fraction of the observed or phenotypic vanance which was caused 
by differences between the genes or genotypes of the individual ' 

Hentability can be measured by several different means but, regard- 
less of the mechanics used, the essential factor is to determine the 
relative importance of heredity and environment m contributing to the 
vanation among individuals of a given population It is easy to see 
that the difference between identical twins would be primarily due to 
environment, ho^^ever, because of the limited number of identical twins 
available, experimentation can seldom be employed 

The closest approximation to the condition found m identical twins 
IS highly inbred lines that are homozygous for most genes The varia- 
tion within such lines would be due primarily to environment The 
vanation within inbred lines can thus be compared with the vanation 
Within random breeding populations to secure an estimate of hentability 
Another method of estimating hentability is to study the relationship 
between parent and offspring This method is rather commonly used, 
but it has the disadvantage that the estimate is apt to be too high, since 
the parent and offspnng are, m general, apt to have some environmental 
factors m common This objection, hoTvever, is not senous m the 
poultry field 

Probably the most ^\ldeIy used method of estimating hentabilit> is 
to study the sources of vanation within a population Hentabilitj is 
studied by calculating differences among mdi\iduals rather than bj 
nsmg absolute values In statistical procedures, these differences are 
used to secure a \alue which is a measure of ^arntlon and is called 
vanance The mathematics ncccssarj for determining hentahilit\ 
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are influenced bj the stock used and by environmental conditions It 
IS obser\ ed in Fig 102, hov e\ cr, that egg production and sexual maturity 
are relatncly less heritable than are egg \\ eight and body v eight This 
knowledge enables us to use the appropriate method of selection to 
make the most rapid progress 

If a character is highly heritable, then the mdi\ idual’s record should 
be given first consideration In this case, the phenotype is a reliable 
expression of the genotjpe If a character has a low degree of herit- 
abihty, meaning that the phenotypic expression is not a very reliable 
estimate of the genotjpe, then it will be necessary to use the sib test, 
progeny test, or some other method of making selection in which less 
importance is attached to the record of the individual and more im- 
portance to estimates of its genotype 

A further use for hentability data is indicated by Lerner (1947), who 
suggested that, when the hentability of a character is known and the 
difference between the records of the flock as a whole and the records of 
the stock used for breeders are likewise known (called selection differ- 
ential), it is possible to forecast the amount of improvement expected 
m each generation 

Lemer stated that, if the selection differential between the egg pro- 
duction of the flock as a whole and that of the birds selected as breeders 
IS 50 eggs and if degree of hentability is 10 per cent, then the production 
of the offspnng of the selected group would be expected to be improved 
by 50 X 10 per cent, or 5 eggs per generation In practice, however, a 
complication anses in that egg production is not expressed by the males 
^ionce, the m&\es must be sefecteii <?a ihe bes.'s oi the recf^d oS their 
sisters or on the record of their progeny Lemer working with the egg- 
production records of the University of California flock, found that the 
greater the number of sisters or progeny that are tested, up to certain 
limits, the greater the increase of hentability 

This point IS well illustrated by the data in Table 29, which shows the 
hentabihties for vanous bases of selection The decrease m selection 

TABLE 29 

A Summary op the Selection Differentials and Heritabilities for the 
Selection Bases Used bi Lerner (1947) 


Statistics 

Selection Basts 

Sires 

Dam 

Selection differential (eggs) 

Individual record 

rsone 

99 1 


Record of sistei^ 

26 0 

39 8 


Record of progeny 

24 4 

29 0 

Hentability (per cent) 

IndiMdual record 

fsone 

4 5 

Record of sisters 

15 5 

13 8 


Record of progeny 

45 2 

15 5 
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greatest degree of inbreeding in animals is secured by full-brother-full- 
sister matings 

Essentially, the coefficient of inbreeding is determined by the number 
of individuals appeanng in both the maternal and paternal ancestry 
It IS found by calculating the probability that an offspnng \\ill receive 
the same allele of any gi\ en pair from both the sire and the dam When 
this occurs, the indnidual becomes homozygous for that gene pair, 
hence, we see that the coefficient of inbreeding gives us some idea of the 
degree of homozygosity It must be remembered, though, that the co- 
efficient of inbreeding does not tell us what percentage of the total 
number of genes arc homozygous but rather what percentage of the genes 
that vcre heterozygous at the beginning of the inbreeding have become 
homozygous For example, say that there are 5000 gene pairs m the 
White Leghorn, 1000 of vhich are in the heterozygous state with a gene 
frequency of 0 5 If full-brother-full-sister matings are practiced for 
one generation, 25 per cent inbreeding will result (see Fig 103) This 
will mean that on the average 25 per cent of the 1000 gene pairs which 
were heterozygous are now homozygous In other words, there would 
be 4250 homozygous pairs and 750 heterozygous pairs of genes 

If the gene frequency for a given gene is 0 5, then the probabilities of 
Its becoming homozygous dominant and homozygous recessive are equal 
It IS unlikely, however, that the gene frequency for a very large propor- 
tion of the genes in any family will be 0 6 If the frequency for the 
dominant form of the allele is 0 8 m a particular family, then upon in- 
breeding there is greater probability that the gene will become homozy- 
gous dominant than homozygous recessive If in another family the 
frequency for the dominant allele is only 0 3, then upon the inbreeding 
of this family the gene probably will become fixed or homozygous in the 
recessive state It must be borne in mind, however, that we are here 
considenng only probabilities and that it is entirely possible for the 
reverse to happen 

As mentioned earlier, the degree of inbreeding indicates the probability 
of an offspring’s receiving a like allele of any pair from both sire and 
dam Inbreeding involves matings made m such a way that dam and 
sire are related or have a common ancestor Combining these facts 
leads us then to determining how many gene segregations (or genera- 
tions) have taken place between offspring and the ancestors which are 
common to both dam and sire This may be demonstrated by studj mg 
the following diagrams showing two generations of half-brother-half- 
sister matings The pedigree of individual J is presented at the left in 
the conventional manner and at the right schematically to facilitate the 
tracing of genetic pathways 
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value for Pa is too low to be of much consequence In the e\ent that 
there has been some pre\ lous inbreeding in the stock, the value for Fa 
in the formula becomes important. Let us assume that m the above 
example the indi\ idual B is inbred to the extent of 25 per cent This 
v\ould change the above calculation to the extent that the value for the 
pathway II-E-B-P-l would be multiplied by 1 + 0 25, as follows 


H-E-B-F-1 = 4 + 1 = = 3 125 X 1 25 = 3 906 


Thus the value for this pathway is increased from 3 125 per cent to 
3 90G per cent because of the fact that the common ancestor B was 
inbred to the extent of 25 per cent 

While it is not expected that most practical breeders will spend the 
time to calculate the inbreeding of each bird, they should be familiar 
w ith the genetic principles mv olved and the rate at which the inbreeding 
coefficient will increase with their sjstem of breeding Wright (1931) 
estimated that, when a population is kept closed to outside breeding 
stock, the amount of the remaining heterozygosity lost per generation 
will be l/ 8 il/ + 1 / 8 L, where M and L are the numbers of males and 
females, respectively, reaching breeding age in each generation In a 
poultry flock, the fraction 1 / 8 L would bo very small because of the 
large number of females, hence, it can generally be disregarded Only 
the 1/83/ portion of the formula is then left to be considered When a 
breeder has as few as eight single-male matings, the loss of heterozy- 
gosity w ould then become 1/(8 X 8 ), or about 1 5 per cent per genera- 
tion This amount of inbreeding would not be expected to cause any 
trouble 

The above observation along with an examination of Fig 103 indicates 
that most systems of mating now m practice do not lead to much 
inbreeding 

When intensive inbreeding is practiced (such as successive generations 
of full-brother-full-sister matings used to produce inbred lines for 
hybridizing), low viability usually results In these highly inbred lines, 
there are reduced hatchabihty and egg production, retarded growth, and 
increased mortality Also, many physical defects, lethals, and mon- 
strosities appear Schnetzler (1948) estimated that these physical 
defects and mortality dunng the first 8 weeks eliminated 30 to 50 per 
cent of the stock dunng the first 3 years of fulI-brother-fuIl-sister 
matings The effects of inbreeding are more noticeable in some strains 
than in others, and there is no way of knowing which strains will best 
withstand close inbreeding 
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a third inbred line is referred to as a three-M ay cross A four-way cross 
IS made by mating the offspnng from tuo different single crosses (see 
Fig 104) The egg production of the inbred females is apt to be too 
low to make the use of a single cross practical commercially, hence, it 
is necessary to use either a three-uay or four-way cross In this pro- 
cedure, the females are themselves hybnds and have better egg produc- 
tion than their inbred dams Most of the hybnds so far developed have 
been the result of crossing inbred lines from different breeds, since inbred 
lines ongmating within a strain or breed may be too closely related to 
give the maximum benefit Factors such as egg color, broodmess, 
plumage, and physical charactenstics must be considered when making 
the crosses between different varieties or breeds The expression of 
these characters, as well as those of egg production, egg size, etc , are 
influenced by the manner in which the inbred lines are put together, 
that is, whether the male or female from the respective inbred lines is 
used and, in three- and four-way crosses, which inbred lines are used 
with other inbred lines 

It thus becomes evident that, in order to utilize hybnd vigor, the 
poultry breeder not only must develop good inbred lines that are 
relatively viable but also, and this is equally important, must wisely 
determine which of these lines to use and in what manner These con- 
siderations emphasize the fact that the development of hybnd poultry 
entails a good deal of time, labor, and expense and should be under- 
taken only by those breeders who have sufficient capital and facilities 
to develop and test enough lines to have some assurance of success 

Reciprocal Recurrent Selection. A new kmd of breeding and se- 
lection system has been proposed that appears to offer considerable 
promise The new system, known as reciprocal recurrent selection or 
simply as reciprocal selection may prove to yield the maximum benefits 
of hybrid vigor without requinng the expensive and laborious task of 
developing mbred lines 

It has long been known that, when certain nonmbred individuals arc 
mated, the progeny produced is superior to that produced by other, 
similar matings even though all parents involved are from families of 
equal breeding worth This phenomenon is known as “nicking “ Re- 
current selection attempts to develop strains which, when crossed, yield 
progeny superior to either parental strain Selection is based not on the 
performance of the individuals within the strain but upon their ability 
to combine well with other strains or breeds The objective of such 
selection is to sort out and fix those genes within each strain or breed 
that combine well or “nick” to produce the maximum of hybrid Mgor 
In ordei tint the strains or breeds remain more or less flexible for 
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the crosses between different varieties or breeds The expression of 
these characters, as well as those of egg production, egg size, etc , are 
influenced by the manner in which the inbred lines are put together, 
that is, whether the male or female from the respective inbred lines is 
used and, in three- and four-way crosses, which inbred lines are used 
with other inbred lines 

It thus becomes evident that, in order to utilize hybnd vigor, the 
poultry breeder not only must develop good inbred lines that are 
relatively viable but also, and this is equally important, must wisely 
determine which of these lines to use and m what manner These con- 
siderations emphasize the fact that the development of hybnd poultry 
entails a good deal of time, labor, and expense and should be under- 
taken only by those breeders who have sufficient capital and facilities 
to develop and test enough lines to have some assurance of success 

Reciprocal Recurrent Selection. A new kind of breeding and se- 
lection system has been proposed that appears to offer considerable 
promise The new system, known as reciprocal recurrent selection or 
simply as reciprocal selection may prove to yield the maximum benefits 
of hybrid vigor without requinng the expensive and laborious task of 
developing mbred lines 

It has long been known that, when certain nonmbred individuals arc 
mated, the progeny produced is superior to that produced by other, 
similar matings even though all parents involved are from families of 
equal breeding worth This phenomenon is known as “nicking “ Re- 
current selection attempts to develop strains which, when crossed, yield 
progeny superior to either parental strain Selection is based not on the 
performance of the individuals within the strain but upon their ability 
to combine well with other strains or breeds The objective of such 
selection is to sort out and fix those genes within each strain or breed 
that combine well or “nick" to produce the maximum of hybrid Mgor 
In ordei tint the strains or breeds remain more or less flexible for 



Selection Guides 


877 


Selection Guides. The ultimate success of any breeding program 
IS largely dependent upon the wisdom with which the prospective parents 
are chosen During the development of most of our standard breeds, 
breeders based their selection pnmanly on the ment of the individual 
Without belittling the contributions of the past, it must now be pointed 
out that for the further improvement of most characters, individual 
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Fig 106 Hypothetical distribution of individuals within families according to tl eir 
relative ment 


selection must be supplemented with family selection or progeny testing 
Figure 106 is presented to illustrate the mechanics of family selection 
and the information that can be gained from such records This figure 
represents the mating of three males, X, Y, and Z, to three females 
each (A-I), all of nhich ne assume had similar indnidual records The 
individual ment of the daughters thus produced is represented by the 
values from 1 to 10, the latter being the most desirable Tor the sake 
of discussion, assume that these values arc for the one particular char- 
acter being considered In calculating a dim's famil 3 a\ crage, the merit 
of all her daughters is aicraged in the folloning manner Dam /i, for 
evample, produced 1 daughter mtli a relatuc \alue of 2, 2 daughters 
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daughter If we assume again that 20 per cent of the daughters A\ould 
be selected for breeding to increase egg production, one might save all 
the daughters of dams A, E, and F that had a score of 8 or better In 
making use of family records, the question always presents itself what 
to do about the supenor individuals in the poor or mediocre families and 
the infenor individuals m the supenor families In breeding for egg 
production, neither of these catcgones shou’d be selected for breeding 
purposes The relative futility of selecting for egg production on the 
basis of individual records alone was pointed out in Chapter 10 

The value of family records is even more fully appreciated m the 
selection of the male Since one male is mated to fifteen or more females 
he contnbutes fifteen or more times as much geneticallj to the next 
generation as any one female, and his selection should receive consider 
able attention In selecting one male from the progeny represented in 
Tig 106, first choice would be the most outstanding individual phcno- 
typically among the sons of dam E and sire Y, since the daughters of 
dam E had a higher average score than the daughters of all other dams 
and the daughters of sire Y had a higher av erage score than the daughters 
of the other sires This would not be positive assurance, of course tint 
the male thus selected would produce superior progonj , but the proba 
bilities would be much better than they would be if we knew nothing of 
his full sisters’ and half-sisters’ performance The above discussion is 
meant to imply not that there is no longer a place for indiv idual selection 
but rather that one must supplement the other According to Lusli 
(1947), the most efficient kind of a continuous breeding program is one 
m which emphasis shifts from individual selection to familj selection as 
more attention is giv cn to characters that are less and less hent ililc 

Progenj Testing. The most accurate estimate of an animal s breed 
mg worth is an evaluation of its progenj wlicn it is mated with «o\rril 
different mates Reference to Fig lOG reveals tliat dams A and / 
produced daugliters that on the average were supenor to tho«c of the 
other dams shown This is the best proof that thc=c dams have 
tlie desirable gcnotjpe and thej and tlioir progenj should lx? u^e<l m 
future breeding operations Among the ‘^ircs represented in I ig 10(> 

‘'ire 1' produced progenv supenor to cither of the other tuo ‘^irts 
In this example, however, the males have not l>ccn mated to a -ufiiru nl 
numlicr of females to establish full> the breeding worth of the difTerenl 
‘'ires 

In normal brecehng operations each male would lx* mate<l to richt 
or more females repre enting M?\cral full «i‘«trr f imihe*< Tin i*rr 
form mce of cich males progenv under Mich a K\‘«t<m liighlv repn'- 
K’ntativc of his biwling vxorth 
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If the strain is relatively weak m any one of these characters, it will 
be necessary to put more emphasis on that character As the breeding 
program progresses, the value assigned to each character can bo altered 
or a change can be made in the number of characters considered 
Whether an individual is culled or used for breeding iv ould thus depend 
on its total score in relation to the score of all other progeny-tested birds 
It IS thus that we return to the onginal premise of this chapter that 
successful breeding involves a succession of compromises No single 
bird IS apt to be supenor in all characters, and it is the poultrj breeder’s 
role to bnng together as many of the desirable characters as possible in 
the progeny produced 

PROBLEMS 

1 "What would be the expected gene frequency for gene / m tlie progeny of a 
mating of a heterozygous male (It) X homozygous females {//)’ 

2 Within a flock, \\ould you expect the degree of heritabihtj of a given charac 
ter to decrease or increase when the stock is inbred^ \\ h> ’ 

3 How is It possible for the dam to influence the weight of her progeny at 4 
weeks of age other than by her contribution of genes influencing rate of growth? 
What is the term for this pfienomenon^ 

4 \Vhat IS the fundamental difference between the bretding jirogrim to develop 
hybrid pullets (the progeny of crossed inbred lints) and the breeding program l)a><‘d 
on reciprocal recurrent selection? 

5 \\ hat method of selection would be most advantageous to employ for increas- 
ing egg size? 
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Abnormal maxillae, 147 
Accessory plume, 85 
Acrosome, 23 

Additue effect of genes, 362 
Adrenal, hormone secreted bj, 18 
Adrenalectomy, effects of, 19 
Adrenotropic hormone, 20 
Age at first laying, 295 
Aging, effects of, on egg production, 
292 

Agglutinin, 182 
Agglutinogen, 182 
Air cell in egg, 37 
Albinism, autosomal, 94 
sex-lmked, 94 

Albumen, heat resistance of 345 
inheritance of thick, 343 
layers of, 36 
secretion of, 36 
Alleles, 58, 362 
Allelomorph, 58 

American Standard of Perfection, 8 
Ancestral species, 4 
Ancestry, selection on ba«is of, 312 
Ancobars, 113 
Ancona, Mottled, 11, 97 
Andalusian, Blue, 8 
depigmentation of, 113 
Androgens, 18 
effects of, IS 

secreted by adrenal cortex, 19 
secreted by testes, 18 
Antigens, blood group, 182 
Aptena, 128, 133 
Apterylosis, 130 
Araucana, blue egg of, 8 
Archaeopteryx, 2 
Artificial insemination, 189 
Ascandia hneata, resistance to, 210 
Australorp, 310 
Autosexing breeds, 113 


Autosomal barring, 107 
Autosome, 49 

Avian diphtheria, resistance to, 215 
Axial feather, 278, 279 

Baby chicks, sexmg 99 
Backcross mating, 65 
Baldness, inheritance of, 134 
Bantam, Rose-Comb, 54, 56, 57 
BarbiceJs, 85 
Barbs of feathers, 85 
Barbules, 6 

“Barebacks,” genes causing 139 140 
Barnv elder, 6 

Barred Columbian pattern, 112 
Barred Plymouth Rock, 10 
Barring, autosomal, 107 
in autosexing breeds 113 
in Barred Plymouth Rocks, 10, 89 
in Cambars, 113 
m Campmes, 10, 89 
in Penciled Hamburgs, 10, 89 
sex-lmked, 69, 110 
Beak, bleaching of, 276 
crooked, 346 
short upper, 147 
Beard, inheritance of, 134 
Bilateral microphthalmia, 146 
Bilateral ovariotomy, 76 
Black and red plumage, 100 
Black plumage, 94 
extension of, 94 
inheritance of, 54 
restriction of, 109 
Black-breasted red, 100 
Black-Breasted Red Game, 100 
Black Rose-Comb Bantam, 54, 56, 57 
Black shank, 116 
Black Sumatra, 96 
«purs in, 16! 
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Cinractors, plumage color, 83-114 
eex-lmkcd, ISI, 303 
Chicken, origin of, 4 
Chicken-guinea cro'^s, 2, 3 
Chicken-pheasant cro«s, 3, 4 
Chicken-turkej cro's, 3 
Chicks, sexing of, b\ down color, 70, 
99, 101, no, 111 
by \cnt method, 75 
Chondrodj strophj , hercditarj*, 148 
Chromosomes, 49, SO 
linkage map of, 179 
locus in, 52 
made up of genes, 52 
mapping the, 178 
number of, 49 
sox, 49 

Cloaca, genital papilla in, 23 
"Closed-flock” breeding sjstem, 196 
Clutch, 33, 34 
and rate of haing, 300 
size of eggs in 332 
Coccidiosis, cccal, resistance to, 215 
Cochm, 6 

Coefficient of inbreeding, 197, 307, 370 
Color, inheritance of earlobe, 115 
inhentance of egg-shell, 336 
inheritance of e>e, 114 
inheritance of plumage, 83-114 
inhentance of shank, 115 
inheritance of skin, 114-117 
pigments and plumage 84-88 
sex dimorphism m plumage, 12 
Color characters, list of genes for, 117 
Columbian pattern, 91, 107, 108 
Comb, cushion 6 
development of, 72 
duplex, 146 

hormone effects on, 73 
multiplex, 144, 146 
pea, 6 145 
regression of, 72 
rose, 7, 9, 144 
side sprigs on, 143 
smgle, 9, 143 
spike blade, 144 
strawberry, 143 
turgidity of, 72 
V-shaped 7 
Walnut, 145 


Complcmcntarj gene", 66, 146 
Congenital baldness, 134 
Congenital loco, 214 
Congenital perosis, 214 
Congenital tremor, 214 
Copulation, 23 
Copulatorj' organ, 21, 23, 74 
Cornish, Dark, 9 90, 91 
lethal gene in, 54 
UTiite-Laced Red, 9 12, 90 
Cortical hormone, 18 
Cranium in crested breeds, 134 
Cream plumage, 103 
Creeper, 7 155 
lethal effects of, 156 
linkage of, 179, 180 
Crest 7. 134 
Creiecoeur, 7 
Crooked beak, 146 
Crooked keel, 151 
Crooked neck, 153 
Crookcd-neck dwarf 153 
Crooked toes, 159 
Cross, guinea-chicken 2, 3 
pheasant-chicken, 3 4 
turkey-chicken, 2, 3 
Crossbeak, 146 

Cro««breediDg, and heterosis, 198 201, 
250 

effects of, on egg production, 309 
on hntchability 198 
on rate of growth, 248 
on viability, 225 
Crosses diallel, 65 
mterfamily, 2 
intergenenc, 4 
of inbred lines, 309, 374 

sex-lmked, 112 
Crossing o\ er 177 
Ci^ptomere, 66, 93 
Cubalayas, 8 

Culling the laying flock 275 
effect on family averages 283 
Cumulative effect of genes, 97 
Cushion comb, 6 

Dactyloljsis, 164 
Dark Brahma 13 
Dark Brown Leghorn, 8 
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UTiite-Laced Red, 9 12, 90 
Cortical hormone, 18 
Cranium in crested breeds, 134 
Cream plumage, 103 
Creeper, 7 155 
lethal effects of, 156 
linkage of, 179, 180 
Crest 7, 134 
Creiecoeur, 7 
Crooked beak, 146 
Crooked keel, 151 
Crooked neck, 153 
Crookcd-neck dwarf 153 
Crooked toes, 159 
Cross, guinea-chicken 2, 3 
pheasant-chicken, 3 4 
turkey-chicken, 2, 3 
Crossbeak, 146 

Cros«breediDg, and heterosis, 198 201, 
250 

effects of, on egg production, 309 
on hatchability 198 
on rate of growth, 248 
on viability, 225 
Crosses diallel, 65 
interfamily, 2 
intergenenc, 4 
of inbred lines, 309, 374 

sex-lmked, 112 
Crossing ever 177 
Coptomere, 66, 93 
Cubalayas, 8 

Culling the laying flock 275 
effect on family averages 283 
Cumulative effect of genes, 97 
Cushion comb, 6 

Dactyloljsw, 164 
Dark Brahma 13 
Dark Brown Leghorn, 8 
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Egg production, family versus indnid- 
ual records of, 312 
feed requirements for, 270 
first-year, 286 
hentabihty of, 367-369 
hormone effects on, 274 
influence of di«caee on, 282 
influence of hormones on, 274 
influence of light on, 40, 272 
influence of temperature on, 272 
inheritance of, 312 
intensity of, 295, 300 
maintenance requirements for, 267 
molting m relation to, 277 
mortality and, 282 
no cycles of, 285 
pauses in, 304 
persistency of, 305 
progeny testing for, 312 
number of daughters for, 313 
rate of laying and, 33, 300 
sexual maturity and, 296 
sustained high yearly, 293 
time of hatch influences, 271 
ways of measuring, 284, 239 
winter pauses and, 304 
yearly decline m, 289 
Egg quality, 325 
Eggs, abnormal, 350 
blood clots and spots in, 346 
double-yolked, 351 
dwarf, 3S0 
fishy odor in, 346 
mtenals between, 34 
premature expulsion of, 39 
specific grai ity of, 338 
standard market size of, 325 
tnple-yolked, 351 
within eggs, 351 
Egg shape, 335 
Egg shell, 38 
blue, 8, 336 
brown, 7, 336 
color of, 7, 8 
inheritance of, 336 
composition of, 38 
formation of, 38 
glassy, 342 
glossj*, 342 
incmhrane^, 33 


Egg shell pigments in, 336 
porosity of, 38, 340 
and hatchability, 194 
quality, breeding for better, 339 
specific gravity of, 194 338 
structure of, 39 
thickness of, 337 
influence of di^tease on, 339 
porosity and, 340 
specific grav ity and, 338 
weight lo's and, 341 
tmjJed, 337 
white, 7 

Egg size, 325-334 
age at first egg and, 328 
age of lajers and, 332 
and chick size, 243 
and hatchability, 193 
breeding to increase, 333 
effects of diet on, 326 
effects of disease on, 326 
effects of temperature on, 326 
hentabihty of, 324 
mhentance of, 333 
jn relation to body size 331 
in relation to hour of lay, 333 
m relation to rate of lajmg, 333 
jn relation to sexual matuntj, 331 
of successive eggs in clutch, 332 
standard market, 325 
weighing to determine average, 333 
Egg weight, see Egg size 
Egg white, formation of, 36 
layers of, 37 
thick, 37, 343 
breeding to increase, 343 
mucm ID, 37 
thin, 37 

Egg yolk, blemished, 346 
structure of, 37 
time spent in oviduct, 34 
vitelline membrane of, 30, 37 
Etmena tenella, resistance to 215 
Ejaculations, frequency of, 187 
Embryo, blebs in, 134 

malformations in, 147-150 
mortality, factors affecting, 193-19S, 
200 

parrot-t>pc beak in, 14S 
short down in, 135 
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Egg shell, 38 
blue, 8, 336 
brown, 7, 336 
color of, 7, 8 
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composition of, 38 
formation of, 38 
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glossj*, 342 
«icmljrane«, 3S 


Egg shell pigments in, 336 
porosity of, 38, 340 
and hatchability, 194 
quality, breeding for better, 339 
specific gravity of, 194 338 
structure of, 39 
thickness of, 337 
influence of di^fease on, 339 
porosity and, 340 
specific grav ity and, 338 
weight lo's and, 341 
tmjJed, 337 
white, 7 

Egg size, 325-334 
age at first egg and, 328 
age of lajers and, 332 
and chick size, 243 
and hatchability, 193 
breeding to increase, 333 
effects of diet on, 326 
effects of disease on, 326 
effects of temperature on, 326 
hentabihty of, 324 
inheritance of, 833 
jn relation to body size 331 
in relation to hour of lay, 333 
m relation to rate of la>mg, 333 
jn relation to sexual maturit>, 331 
of successive eggs m clutch, 332 
standard market, 325 
weighing to determine average, 333 
Egg weight, see Egg size 
Egg white, formation of, 36 
layers of, 37 
thick, 37, 343 
breeding to increase, 343 
mucin ID, 37 
thin, 37 

Egg yolk, blemished, 346 
structure of, 37 
time spent in oviduct, 34 
vitelline membrane of, 30, 37 
Eimena tenella, resistance to 215 
Ejaculations, frequency of, 187 
Embr}o, blebs in, 134 

malformations in, 147-150 
mortality, factors affecting, 193-19S, 
200 

parrot-t>pc beak in, 14S 
short down in, 135 
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Fertility, density of semen and, 190 
detecting, 185 
duration of, 192 
effect of temperature on, 186 
egg production and, 188 
following ongmal matings, 192 
freezing of combs affects, 186 
hormones and, 187 
onset of, 191 

proportion of males and, 190 
rate of laying and, 188 
time of daj and highest, 188 
Fertilization, selective, 189 
site of, 27 

Fibromelanosis of Silkie, 116 
Fue-toed breeds, 159 
Flanges, 6 
Fleshing, 255 
Flightles«ness, 127 
Follicle, feather, 83 
ovarian, 30 

Follicle-stimulating hormone, 19 
“Fowl paralysis,” 218 
Fowl typhoid, resistance to, 216 
Frayed feathering, 127 
Frequency, gene, 362, 371 
Frizzled plumage, 125 
Fruitless matings, 187 

Galliformes order, 2 
Qallui, 4 
banktva, 4 
ferrugineus, 4 
gallus, 4 
lafayettii, 4 
sonneratii, 4 
vanus, 4 

Game, Black-Breasted Red, 100, 102 
Red Pjle, 104 
Gametes, 49 
Gene, 52 

Gene frequency, 362, 371 
Gene linkage, 175 
Genes, 52 

autosomal, 117, 166 
complementaiy’, 66, 146 
dominant, list of, 117 
epistatic, 66 

ha\ing additne effect, 362 


Genes, having cumulative effect, 97 
hypostatic, 66 

independent assortment of, 61 
inhibiting, 66, 91 
lethal, 67, 200, 213 
elimination of, 200 
linkage between autosomal, 178, 179 
linkage between sex-Imked, 179, 181 
list of, 117, 166 
modifying, 66, 143 
recessive list of, 117, 166 
sex-lmked, for albinism 94 
for barring, 69, 110 
for broodiness, 303 
for dwarfing, 155 
for silver, 109 

inhibitor of dermal melanin, 116 
late feathering 135 
light down, 104 
nakedness, 128 
sublethai, 67 
Genital papilla, 23, 74 
Genotype, 65 
Germinal disc, 31, 37 
Glands, endoenne, 17 
Glutathione and growth rate, 243 
Golden Campine, 9 
Golden-Penciled Hamburg, 9 107 
Golden-Spangled Hamburg, 9 
Gold m plumage, 110 
Gonad, female, 29 

effects of removing, 29 
hormones secreted by 18 
male, 21 

effects of removing, 19 
hormones secreted b>, 18 
Gonadectomy, 19 
effects on comb, 73 
effects on plumage, 76 
Gonads, growth of, 22, 29 
Gray Junglefowl, 4, 5 
Green shank, 117 
Growth, 237-255 
altered metaboliem and, 244 
body weight in relation to bone, 250 
breed differences in rate of, 246 
cell multiplication during cmbrjonic, 

242 

chick size and, 243 
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Glutathione and growth rate, 243 
Golden Campine, 9 
Golden-Penciled Hamburg, 9 107 
Golden-Spangled Hamburg, 9 
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Gonad, female, 29 

effects of removing, 29 
hormones secreted by 18 
male, 21 

effects of removing, 19 
hormones secreted b>, 18 
Gonadectomy, 19 
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Gonads, growth of, 22, 29 
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Growth, 237-255 
altered metabolism and, 244 
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Inbred lines, 307, 374 
Inbreeding, 370 
coefficient of, 197, 370 
crossing inbred lines, 198 
degrees of, 196, 393 
effects on egg production, 308 
effects on embryonic mortality, 196 
effects on hatchability, 196 
effects on progeny \ lability, 224 
effects on rate of growth, 248 
high mortality from, 373 
in clo«ed flocks, 196 
mcreasos homozygosity, 307 
intense e, 196 

Independent assortment of genes 61 
Index, selection, 380 
Induidual \ersiis family egg records, 
312 

Inheritance, linkage teats in, 177 
maternal, 196, 259, 366 
mechanism of, 49, 53 
of characters, listed, 117, 166 
ecx, 50 

sox-lmked, 69 
Inhibiting genes, 66 
Inhibitor, of black in plumage 91 
of dermal melanin, 116 
Inner shell membrane, 37 
Insemination, artificial, 189 
Intensity of egg production, 295 300 
Intensive inbreeding, 196 
high mortality from, 373 
Intorfnmily crosses, 2 
Intergenenc cro««cs, 4 
Interstitial cell-stimulating hormone 
19 

Islets of Langerhans, insulin «ecreled 
by, 19 

Isogomc grott-th, 72 
Isthmus of oviduct, 34 

Japmc<»e Bantam, short leg in, 155 
•la' an Junglcfovvl, 1 
Jir«ej Bhck Gnnt, 115 
color of feet. 110 
“Jjttrrj" chicki*. 213 
•lunRlofowl, 1 
Cc>Ion, 4, 5 
Cray, 4, 5 


Junglefowl, Javan, 4, 5 
Red, 4, 5 

Keel, crooked, 151 
factors affecting 152 
Kidney, unilateral, 153 

Laced plumage, 9, 90 
inheritance of, 106 
La Fleche, 7 
Lakenfelder, 7, lOS 
Langshan, 6 
Croad, 133 

feathered feet of, 133 
Latebra, 37 
Late feathenng, 135 
Law of diminishing increment. 238 
Laying, effects of light ndivitj and 
temperature on, 40 
evidence of, 275 
hour of 35 
time factor in, 34, 35 
Leaden blue sliank, IIG 
Leglnr, 113 
leghorn. Bhck 8, 91 
Bhck-Tuled Red, 8, 99 
Blue, 8 
Brown, 9 

«ox dimorphi«m in, 102 
Cutkoo, 5 
Exthe<iuer. DS 
Red. 8. 99 
Silver Duckvvmg, S 
White. 8, 91 
dominant white in, 91 
rife of fcitlirnng m. 135 
f^linon hrea»ts in, 101 
Lcthil gcne«, 07, 200 213 
Lcuko'i'. iT«ist inre to. 218, 223 
Light, and egg production. 10 
nnd «extnl nnluritv, 273 
nnd tune of living 40 
efTrets of shifting, 40 
ovnrv stimuliteil hv , 40 
pituit trv Ffunu!ite<l hv, 40 
teitr^ development infiurncr<! hv. 23 
Light Bnhnn. 108 
Light down. 101 
Linkage. 175 
•utoson.al, 178-151 
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Inbred lines, 307, 374 
Inbreeding, 370 
coefficient of, 197, 370 
crossing inbred lines, 198 
degrees of, 196, 393 
effects on egg production, 308 
effects on embryonic mortality, 196 
effects on hatchability, 196 
effects on progeny \ lability, 224 
effects on rate of growth, 248 
high mortality from, 373 
in clo«ed flocks, 196 
mcreases homozygosity, 307 
intense e, 196 

Independent assortment of genes 61 
Index, selection, 380 
Induidual \ersus family egg records, 
312 

Inheritance, linkage teats in, 177 
maternal, 196, 259, 366 
mechanism of, 49, 53 
of characters, listed, 117, 166 
ecx, 50 

sox-lmked, 69 
Inhibiting genes, 66 
Inhibitor, of black in plumage 91 
of dermal melanin, 116 
Inner shell membrane, 37 
In«emination, artificial, 189 
Intensity of egg production, 295 300 
Intensive inbreeding, 196 
high mortality from. 373 
Interfamily cro^^cs, 2 
Intergeneric cro««cs, 4 
Interstitial cell-stimulating hormone 
19 

Islets of Langerhans, insulin «cereled 
by, 19 

Isogomc grott-th, 72 
Isthmus of oviduct, 34 


Junglefowl, Javan, 4, 5 
Red, 4, 5 

Keel, crooked, 151 
factors affecting 152 
Kidney, unilateral, 153 

Laced plumage, 9, 90 
inheritance of, 106 
La Fleche, 7 
Lakenfeldor, 7, lOS 
Langshan, 6 
Croad, 133 

feathered feet of, 133 
Latebra, 37 
Late feathenng, 135 
Law of diminishing increment. 23S 
Laying, effects of light ndivitj and 
temperature on, 40 
evidence of, 275 
hour of 35 
time factor in. 34. 35 
Leaden blue shank, IIC 
Leglnr, 113 
I^ghom. niack 8, 91 
Bhck*Tailcd Red, 8, 99 
Blue, 8 
Brown, 9 

«ex dimorplji«m in, 102 
Cmkoo, S 
Exchequer, DS 
Red. S. 99 
Silver Duckvvmg, 8 
White. 8, 91 
dominant white in, 91 
rite of fcitlirnng in. 135 
salmon hrra»ts in, 101 
Lethal pcne«, 67, 200 213 
Lcuko'i'. rr«ist inre to. 218, 223 
Light, and egg production. 10 
and «exinl nnluritv. 273 
and tune of living 40 
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New Hampshire, 8, 100, 101 
carries gene e, 109 
sexing, chicks, 100, 101 
“Nicking,” 375 

Nonspecific disorders, resistance to, 214 
Nucleus, m ovum, 31 
m spermatozoon, 23 
Nutrients, strain differences for re- 
quirements of, 240 

Occluding membrane m oviduct, 36 
Oil gland, double, 166 
Oklabar, 113 

Oocyan, and blue shell color 336 
Ooporphynn, and brown shell color, 336 
Orchotomy, 76 
Origin of the chicken, 2, 4 
Orpington, 7 
Black, 94 
shank color m, 116 
Blue, 96 
Buff, 104 

White, shank color m, 116 
Osteodjstrophy, ungual, 162 
Osteopetrosis, 218 
Outer shell membrane, 37 
Ova, 28 

fertilization of, 28 
growth of, 29, 30 
Ovariotomy, bilateral, 76, 79 
effects of, 29, 35, 73, 102 
smistral, 29, 79 
Ovary, 29, 33 

and comb development. 72 
and pituitary, 30 

effects of removing, on plumage, 29, 
102 

functional right, 29 
hormones secreted bj, 18 
influence of, on plumage, 18 
pituitary hormone stimulates, 19 
rudimentary right, 29 
secretes androgen, 18 
secretes estrogen, 18 
Oviduct, 29 

activated by ovarian hormone, 18 
albumen secretion by, 36 
development of, 35 
functional right, 29 


Oviduct, occluding membrane m, 36 
parts of, 34 
rudimentary' right, 29 
ruptured, inheritance of, 142 
Oviposition, influenced b> actnitj and 
feeding, 41 

influenced by hormones 20, 39 
Ovipo«itions, hours between, 34 
Ovulation, 32, 34 
hormone influence on, 19, 32, 36 
m relation to oviposition, 34, 39 
Ovum, 29 
fertilization of, 27 
grovrth of, 30 
structure of, 37 
Oxytocin, 20 

Pi, 54, 56, 57 

Papilla, genital, 23, 74 

Paral>sis, avian, resistance to, 218 

Parasites resistance to, 210, 214 

Parathormone, and shell formation, 18 

Parathyroid, 18 

Partridge Cochin, 9 

Partridge Plymouth Rock, 12 

Partridge Wyandotte, 9 

Pauses m laying, 295, 304 

Pea comb, 145 

Pedigree, selection on basis of, 312 
Penciled feathers, 9, 12, 90 
Penciling, inheritance of, 106 
Perosis, congenital, 214 
Persistence of production, 204, 305 
heritability of, 305 
in relation to annual production, 305 
Phalanges, 84 
Phasianidae, 2 
Phea*«nt-chicken cross, 3 
Phenocopie«, 67 
Phenotype, 65 

selecting on basis of, 254, 259, 367 
Phoenix, 6 
Phokomelia, 156 
Physiology of reproduction, 17 
Pied plumage, 98 
Pigment, carotmoid, 31 
m blue egg shell, 336 
m brown egg shell, 336 
m feathers, 84 
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White, shank color m, 116 
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Outer shell membrane, 37 
Ova, 28 

fertilization of, 28 
growth of, 29, 30 
Ovariotomy, bilateral, 76, 79 
effects of, 29, 35, 73, 102 
smistral, 29, 79 
Ovary, 29, 33 

and comb development, 72 
and pituitary, 30 

effects of removing, on plumage, 29, 
102 

functional right, 29 
hormones secreted bj, 18 
influence of, on plumage, 18 
pituitary hormone stimulates, 19 
rudimentary right, 29 
secretes androgen, 18 
secretes estrogen, 18 
Oviduct, 29 

activated by ovarian hormone, 18 
albumen secretion by, 36 
development of, 35 
functional right, 29 


Oviduct, occluding membrane in, 36 
parts of, 34 
rudimentary' right, 29 
ruptured, inheritance of, 142 
Ovipo^ition, influenced bj activity and 
feeding, 41 

influenced by hormones 20, 39 
Ovipo«itions, hours between, 34 
Ovulation, 32, 34 
hormone influence on, 19, 32, 36 
m relation to oviposition, 34, 39 
Ovum, 29 

fertilization of, 27 
growth of, 30 
structure of, 37 
Oxytocin, 20 

Pi, 54, 56. 57 

Papilla, genital, 23, 74 

Paralysis, avian, resistance to, 218 

Parasites resistance to, 210, 214 

Parathormone, and shell formation, 18 

Parathyroid, 18 

Partridge Cochin, 9 

Partridge Plymouth Rock, 12 

Partridge Wyandotte, 9 

Pauses in laying, 295, 304 

Pea comb, 145 

Pedigree, selection on basis of, 312 
Penciled feathers, 9, 12, 90 
Penciling, inheritance of, 106 
Perosis, congenital, 214 
Persistence of production, 204, 305 
heritability of, 305 
ID relation to annual production, 305 
Phalanges, 84 
Phasianidae, 2 
Phea*«nt-chicken cross, 3 
Phenocopie«, 67 
Phenotype, 65 

selecting on basis of, 254, 259, 367 
Phoenix, 6 
Phokomelia, 156 
Physiology of reproduction, 17 
Pied plumage, 98 
Pigment, carotinoid, 31 
in blue egg shell, 336 
m brown egg shell, 336 
in feathers, 84 
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Pteo’losis, in naked fowl, 133 
Pullorum disease, resistance to, 216 
Pygostj'Je, 166 
Pyle Game, 104 
Pyle plumage, 104 

Quill, 84, 85 

Rachis of a feather, 84 
Ragged wing, 130 
Rate of feathering, 135 
and body growth, 244 
early, 135 
late, 135 
retarded, 138 
slow, 135, 139 
tardy, 138 

Rate of growth, 237 
and rate of feathering, 244 
crossbreeding effects on, 248 
inbreeding effects on, 248 
sex differences in, 245 
Rate of lay, yearly, 269 
Rate of laying, 33, 300 
egg weight in relation to, 332 
heritability of, 300 
in relation to clutch size, 285 
influenced by light, 40 
measures of, 288, 289 
Ratio, Mendelian, 1:2:1, 96 
3:1, 93 
9:3:3:1, 145 
9:7, 92, 95 
13:3, 93 

Reces«i\e white plumage, 92 
melanophores in, 86 
Recessueness, 54 
Reciprocal matings, 65 
Reciprocal recurrent selection, 375 
Records, high annual egg, 294 
high long-time egg, 293 
part-time egg, 288, 289 
Hectrices, 135 

Recurrent selection, reciprocal, 375 
Red and black plumage, 100 
Red Junglefowl, 4 
“Red” plumage, 99 
Red Pyle Games, 104 
Remiges, 135 


Reproduction, genetic basis of, 49 
physiology of, 17 
Reproductive cells, 49 
Reproductive organs, 20, 28 
female, 29-35 
male, 21 

Reproductive sj’stem, 20, 28 
Resistance to disease, 214-224 
Resistance to excessive heat, b\ birds 
272 

by thick white, 345 

Respiratory infection, resistance to, 214 
Retarded feathering, 138 
Rhode Island Red, 8, 99 
sexing chicks, 99 
Rhode Island White, 8 
Riboflavin, strain differences in utiliz- 
ing, 241 

"Ropy” feathers, 132 
Rose comb, 144 
Rose-Comb Bantam, 54 
Rumples fowl, 156 
Rumplessness, accidental, 158 
complete, 158 
induced, 67 
inheritance of, 157 
intermediate, 158 

Ruptured oviduct, inheritance of, 142 

Saddle feathers, 7, 96, 98 
Salmon breast, in Black-Breasted Red 
Game females, 102 
ID Light Brown Leghorn females, 102 
ID Red Pyle Games, 104 
ID White Leghorns, 104 
Salmonella Galhnarum, resistance to, 
216 

Sarcomas, resistance to, 224 
Scotch Gray, 7 
Scrolls, 6 
Sebnghts, 138 

hen-feathermg m, 138 
Secondaries, 135, 278 
and order of molting, 279 
and rate of feathering, 137 
Secondary sexual characters, IS 
Segregation, principle of, 61 
Selection, basis of, 36I-3S0 
family, 202, 229, 259, 2S2, 312, 310, 

378 
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tardy, 138 

Rate of growth, 237 
and rate of feathering, 244 
crossbreeding effects on, 248 
inbreeding effects on, 248 
sex differences in, 245 
Rate of lay, yearly, 269 
Rate of laying, 33, 300 
egg weight in relation to, 332 
heritability of, 300 
in relation to clutch size, 285 
influenced by light, 40 
measures of, 288, 289 
Ratio, Mendehan, 1:2:1, 96 
3:1, 93 
9:3:3:1, 145 
9:7, 92, 95 
13:3, 93 

Reees«i\e white plumage, 92 
melanophores in, 86 
Recessheness, 54 
Reciprocal matings, 65 
Reciprocal recurrent selection, 375 
Records, high annual egg, 294 
high long-time egg, 293 
part-time egg, 288, 289 
Hectrices, 135 

Recurrent selection, reciprocal, 375 
Red and black plumage, 100 
Red Junglefowl, 4 
“Red” plumage, 99 
Red Pyle Games, 104 
Remiges, 135 


Reproduction, genetic basis of, 49 
physiology of, 17 
Reproductive cells, 49 
Reproductive organs, 20, 28 
female, 29-35 
male, 21 

Reproductive sj’stem, 20, 28 
Resistance to disease, 214-224 
Resistance to excessive heat, b\ birds 
272 

by thick white, 345 

Respiratory infection, resistance to, 214 
Retarded feathering, 138 
Rhode Island Red, 8, 99 
sexing chicks, 99 
Rhode Island White, 8 
Riboflavin, strain differences in utiliz- 
ing, 241 

"Ropy” feathers, 132 
Rose comb, 144 
Rose-Comb Bantam, 54 
Rumpless fowl, 156 
Rumplessness, accidental, 158 
complete, 158 
induced, 67 
inheritance of, 157 
intermediate, 158 

Ruptured oviduct, inheritance of, 142 

Saddle feathers, 7, 96, 98 
Salmon breast, m Black-Breasted Red 
Game females, 102 
ID Light Brown Leghorn females, 102 
ID Red Pyle Games, 104 
ID White Leghorns, 104 
Salmonella Galhnarum, resistance to, 
216 

Sarcomas, resistance to, 224 
Scotch Gray, 7 
Scrolls, 6 
Sebnghts, 138 

hen-feathermg m, 138 
Secondaries, 135, 278 
and order of molting, 279 
and rate of feathering, 137 
Secondary sexual characters, IS 
Segregation, principle of, 61 
Selection, basis of, 36I-3S0 
family,. 202, 229, 259, 2S2, 312, 310, 
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Shifts, testing more males by, 313 

Short down, 135 

Short leg m Dark Cornish, 154 

Shortened long bones, 154 

Sib testing, 367, 378 

Sickle feathers, 18, 76 

Side sprigs, inheritance of, 143 

Silkie, 6 

plumage, inheritance of, 124 
“Silver,” gene for, 91 
in various varieties, 109 
sex-linked inheritance of, 110 
Sih’er Campmc, 10 
Silver-Gray Dorking, 13, 110 
stippling in, 13 

Silver-Laced Wyandotte, 9, 13, 109 
hen-feathering m, 77 
Silver-Penciled Hamburg, 10, 107 
sex difference in exten'sion of black, 
10, 107 

Silver-Penciled Wyandotte, 12, 109 
Silver Sebright Bantam, 141 
Silver-Spangled Hamburg, 11, 89, 105, 
109, 110 

Single comb, 143 
Single-male breeding flocks, 190 
Sinistral ovariotomy, 29 
Skeleton, growth of bones of, 250 
sex differences in, 250, 251 
Skin, blue, 116 
color of, 115 
transplants, 84-S8 
white, 7, 115 
>ellow, 14, 115 

Slow feathering, autosomal, 135, 139 
Snow-white down, 94 
Social dominance among females, 187 
Spangled plumage, 11, 89 
inheritance of, 105 
Spanish, White-Faced Black, 8 
Species, ancestral, 4 
Specific gravity of eggs, 338 
Speckled Sussex, 11 
Sperm, density of, in semen, 23 
dilution, 190 
motihtj, 24 
Spermatozoa, 23 
Spikelets of feather, 85 
Split sternum, 151 


Spur papilla, 164 
Spurs, 73, 164 
development of, 164 
double, 165 
m females, 73 
multiple, 165 
sex differences m, 73 
Standard of Perfection, 8 
Sternum, split, 151 
Stickiness, 200 
Stigma of follicle 32, 33 
Stippled plumage. 13 
“Stnngj ’ feathers, 132 
Stubs, on feet, 134 
Stud mating 191 
Subicthal genes, 67 
Sultan, 133 

Sumatra, Black, 6, 143 
Sussex Speckled, 11 
S>mbols for «exes and gene®, 88 
Syndactyly, 163 
S>stem, reproductive, 20, 28 
Systems of mating, 370 

Talpid embryo, 148 
Tardy feathering, 138 
Tarso-roetatarsus, variability in, 251 
Temperature, and egg production, 272 
and egg-shell thickness, 339 
and egg size, 326 
and testes development, 22 
Test, egg production, 300- and 500-daj 
289 

Testes, and comb development, 18 
and plumage development, 76, 107 
hormone influence on growth of, 20 
hormones secreted by, 18 
light and temperature influence on 
growth of, 22 

Testing progeny, 202, 227, 228, 259 
299. 312, 313, 341, 350, 367, 379 
sib, 378 

Thiamin, breed differences in utiliz-i- 
tion of, 242 

Thick white, fonmtion of, 37 

inheritance of heat resiefance in, 315 
mhenl'incc of percentage of 313 
mucm in, 37 

Thin white, formation of, 37 
Thymus, 19 
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Skeleton, growth of bones of, 250 
sex differences in, 250, 251 
Skin, blue, 116 
color of, 116 
transplants, 84-88 
white, 7, 115 
>ellow, 14, 115 

Slow feathering, autosomal, 135, 139 
Snow-white down, 94 
Social dominance among females, 187 
Spangled plumage, 11, 89 
inheritance of, 105 
Spanish, White-Faced Black, 8 
Species, ancestral, 4 
Specific gravity of eggs, 338 
Speckled Sussex, II 
Sperm, density of, in semen, 23 
dilution, 190 
motihtj, 24 
Spermatozoa, 23 
Spikelets of feather, 85 
Split sternum, 151 


Spur papilla, 164 
Spurs, 73, 164 
development of, 164 
double, 165 
m females, 73 
multiple, 165 
sex differences m, 73 
Standard of Perfection, 8 
Sternum, split, I5I 
Stickiness, 200 
Stigma of follicle 32, 33 
Stippled plumage, 13 
“Stnngj ’ feathers, 132 
Stubs, on feet, 134 
Stud mating 191 
Subicthal genes, 67 
Sultan, 133 

Sumatra, Black, 6, 143 
Sussex Speckled, 11 
S>mbols for «exes and gene®, 88 
Syndactyly, 163 
S>stem, reproductive, 20, 28 
Systems of mating, 370 

Talpid embryo, 148 
Tardy feathering, 138 
Tarso-roetatarsus, variability in, 251 
Temperature, and egg production, 272 
and egg-shell thickness, 339 
and egg size, 326 
and testes development, 22 
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Testes, and comb development, IS 
and plumage development, 76, 107 
hormone influence on growth of, 20 
hormones secreted by, 18 
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